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; r this bulletin was. originally prepared' und^r the spj3nsorship of twa. 
regional committees gepres^nting the North dentral and ' 



/Western States 




Agricultural Experiment §tations and cooperating elements of the U/S- 
Department*of Agriculture (the North Central Regional Committee NC-llS, 
Utilization and Disposal of Municipaf, Industrial, and Agricultural - 
Processing Wastes on 'Land in cooperation with the Western Re^ionalX ; 
'Committee W-124, Soil as a Waste Treatment Systejn). . The report a^^esses ^ 
the/application of agrixulturaT processingr wastes, industrial and municipal 
wastes (i .'e. sludges and wastewaters) on agricul tural jl and as bpth a ^ 
waste management and resource^^rieco very and reuse practice. The document 
emphasizes the "treatment"* and beneficial iftilizatton 6f sludgfe.and/ . 
wastewater as opposed to waste disposal . • These object'ives ar6 Achieved < 
through incorporation into well -designed and operated /agricultural 
prbduction systems in Ways that are compatible with maintainiilg the 
soil's normal viability and productivity/ AppTication'of wast^ materials 
to. forested land, greenbelts, parks or golf courses, ^(and land reclaifiation /• 
projects are not specifically addressed, although many of the principles 
discuss^ concerning their application .to agricultural land would apply 
to^fehise situations as we,ll. , . 



Waste characterisation, crop selection and ■management, site selection, 
man^^ement and monitoring are addressed in a manner' designed to lead 

/ readers logically through the decision making: piroce^^^^ Sample pi^^oblems, 
procedures, calculations and diagrams are incorporated into m6st sections. 

• In'addttion, public health and nwisance concei:ns,;as well as public 
acceptance, legal and economic considerations are/dlscuss'ed from a 
cautious, though informative, point of view that al 50 offers ideas for 
dealing with such matters based upon experience gained from, recent 

; projects. ' ^ * ^ ' , ^ ■ . 

The document does not provide in-depth diesign criteria and is not a ' 
comprehensive design manual which could be used to design and manage a 
land application system; - It ts"', however, a useful planning tool , educational 
guide, and information source for those who desire basic information 
"concerning land appl ication systems. ^* For more detailed and compljete 
design information and procedures, the reader 'should cj^nsult such sources 
As the EPA Process Design Manuals, "Land Treatment of Municipal Wastewater" . 
(EPA 625/1-77-008; October "1977) and "Sludge Treatment and Disposal" 
(EPA 625/1-74-006; October ^r9l4 -currently being updated), the EPA 
Technical Bulletin, "Municipal Sludge Management: Environmental Factors" 
: (EPA 430/9-77-004; October 1977), and the EPA Technology Transfer Desi-gn 
Seminar publications on sludge and wastewater management available from 
EPA/Technology Transfer, 2$ West St. Clair,' Cincinnati, Ohio 45268; / 
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INTRODUCTION ^ . . ^ 
for ABf)lication of Sludges and Wastewaters 
/ / on.i^ricultural L-wrid ' ' 

' ; (A 'Planning and Educational Guideit- 

Bernard D/Knezek and Robert Miller ^ 



Under the Federal Wafer Pollution Control Amendments of 1572, land application^ 
IS recognized as an. alternative method for effecting stages'" of -wastewater treatment, 
and for. ultimate disposal of solid wastes. For certification and, shared-cost funding 
und.er this legislation, a waste treatment proposal must include evideiufe that the m 
Pian IS based on "the. best practicable tectthology'* And "the most cost effective 
method(s) over the. life of theiWorks." ' Requirement^, for: compliance are phased over* 
periods pf years and advancd by Stages toward the goal -of "eliminating discharge of 
all pollutants into navigable^ surface waters by 1985." 
.\ ^ 

. The idealized goal of "zero ^discharge" is neither practical nor wholly desirable 
Nevertheless, it is to , be expected that the equality and permissible uses, of waters, * 
originating in waste treatment oper^ions will come under increasing regulation at 
an levels of government . Discharge standards ultimately/adopted will vary with 
background levels in natural waters from one locality ^or region to another s^nd will 
be subject tp periodic revision as' new technologies evolve for assessing environmen- 
tal impact and for effecting rational control. 

The capacity o^f soil's to receive wastewater^and sludge^and to inactivate con- 
.taminants varies greatly, depending .upon a variety of soil,, plaht-,^ and climatic fac- 
xprs. Generally, most well-aerated spils are quit^ 'efficient in organic roattet 
conversion so that BOD loading is not a direct problem. Certa?.n nutrients (such as 
nitrate) which are produced by .organic breakdown may become a problem at^high loading 
rates. Soils with high water infiltration capacity, which, would allow large'water 
loading rates, may be ineffective in trapping nutrients even though BOD; elimination i 
rapid.. Therefore,, the soil selected foz; waste application on lan^^must bp ^chosen on 
the basis of waste characteristics, operation andv management aspects, cropping sys- 
tems, arid other factors , which make' each d^ecision An individual ul^Jftakxng. Usually, 
the best soil for waste application is dictated by a necessary balan^c^^ between poten- 
tial soil loading ri^tes" and potential environmental contamination. • 

■ . ■■• * " / ■ ■ : ^ . . . . ' ■ . ■ ^' >^ 

' : Emphasis in this "document^ii d?Lrected toward, utilization of ' agricultural proces- 
sing, industrial; and municipal vfastes through application on agricultural land. 
Animal wastes are covered in a separate document'; * (21) ' / ' 

g Several bisic points need-to be clarified to establish the context within which 
all. of the contributions of this document have been developed. 

: : ■ ^ . . . j\ r . ■■ ^ ■ ^ ■ .. )■ •■ _ ■ - ^ ■ ,■ . 

1'. .Land is a valuable natural resource and the viability^^d productivity 
must not be endangered during application (^wastes. 

2. The system must be managed so that normal agricultural prcdiuction can. ^ '\ 
. .be maintained* without sacrificing crop quality or yie^d. ^ 

. 3\: A balanced system must be. established so that the finite, .limits of th§ 
regeneration processes of ;#ie soil are no^ exceeded. 



4 . Primary emphasis is upon utilization of th'^' usable resources in the waste 
constituents rather Jthan piwviding a dispo^il^l; -site. 

' ■ ' " ' ' . ■ . ■ . 

. ^ Who will be the primar)^ users;, of th^ informati^rf provided by the numeirous pror 
fesSionals who have contributed to this-^ document? .^roughout its compilation, the 
..editors have' cQhsidered a broad potential audience .j;*' , Personal experiences of both 
have shown that a broad spectrum of individuals anict professions naturally- become in- 
volved when a municij)ality makes a decision to. consider land application^of waste- 
waters and/or sludges; e.g., municipal officials, <^her , community leaders,, healthy • 
officials, .sanitary engineers, conisulting engineers ^ farmers, extension agents, soil 
conservation personnel, mass jnedia- representatives, teachers, and local citizens with 
a desire to be better informed. ' * 

This document -is not- intended ^to provide final design criteria and information- 
;Which could be used to" totally design and manage a lanid application system. Rather, 
it is to be used as. a planning tool by people who* must , plan, as an educational tool 
for those Who must educate, and as an information vehicle ^o^ those who xiesire infor- 
mation. For this reason, the. in2livp.dual contributions have been organized in a 
manner which it is hoped will lead interested people logically through the decision- 
making oi> educational processes. A loose-leaf format was selected to allow for up- 
dating of various sections a^ morfe information becomes available without the need 
to reprint the entire document. This will undoubtedly happen frequently in the next" 
tSVyears in the area of heavy metals^ and nitrogen reactidns, where considerable 
•research is rapidly reaching fruition.. " . 

Application of these same wastes to forested land, greenbelts, parks, golf 
courses ,*^^or land recjlamatiort areas is not considered specifically. Yet, the prin-^ 
ciples involved and discussed can often be applied to: these locations as well. 
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^ ' \ SITE SELECTION CQrjSIDERATlONS 

" ^ for Sludg^e and Wastewater 

. ApplJcation;on AgricultjuraT'Land 

' , ,Geo>ge F. HalT, Larry P.' Wilding, and. A. Earl Erickson 

Site selectioiv criteria conjader those characteristicis of the soil and lander 
scape which«.will lead tb. the renovation- of is Judge and wastewater solids without 
creating environmental .problems outside the site perimeter. The basic obj-ective 
is to apply sludge and/or wastewater tp : the soil in such a manner that tne soil can 
assimilate the wastes and prevent the wastes and harmful by-products from moving on- 
to adjacent land, ^i^to flowing water, oi?, into the* groundwater beneath the land. 

The site selection criteria for wastewater renovation are in many ways very 
.similar to those for sludges. *There are; however, some very iitiportant differences. 
Three basic interrelated parameters will be discussed relative to the best possible , 
site selection. Th&Ste parameters include landscape features, spil parent/material 
including geologic characteristics, , and prop^rtifes of the soil. It must be empha- 
sized that soils anU landscapes are very complex and the principles given here are 
only guidelines for the selection of, a- sludge and/ or wastewater applic£ttion site. 
On-sil\e^ evaluation of sftil and landscape eonditioris is essential prior to final si^e 
selection. These on-site investigations should be made by qualified soil scientists 
and supplemented in some cases by specialists such as geologists, hydrologists,^ engi 
neers, etc. Assistance can be obtained from a fitunbep of organizations in each state 
including ^ 

• U.S. pepa3^|||jp|^ of Agriculture,;. Soil Conservation Service 

• Static Departments of Nature Resources or comparable agencies 

• State Agricultural Experiment. StaLtione; or Colleges and Universities wi^ 
Departments of Agronomy or Soil Science-. 

... " ' y ^ ■ \ ' ■ ^ , 

• Cooperative Extension Service '* 

Professional consultants with training and; experience in the field of 
1^ agronomic soil science 

• . U. S. Geological Survey. • , ' , - 

'"^ * Site Selection > , ^ ' 

"^^An ideal site for sludge and wastewater utilization would have* the following 
landscape,' parent material, and soil, characteristics. Keep in mind, however, that 
less than ideal sites may sometime be usable with proper design and management. 

Landscape . 

• A closed or modified closed drainage system (Fig. 2.1) 

• Slopes Ipss than 4%; steeper gxiadients may bte acceptable on coarse- textured 
soils or where^managem'ent practices (see Sections 4 ^and 7) or application 
methods (see Sections 5 and 8) reduce erosion hazar^is. 



FIG. 2.1 .--Diagrammatic represen'tation of open and closed* drainage systems. 




FIG. 2.2.— Diagramnatic cross-section of a sloping landscape Sjhowing the position 
of various restrictive layers. ' '-^ ^ 



Parent Material 



Medium-textured materials; finer-textured or high* t)ulk dertsity materials 
are. suitable for sludges if managed properly and may 'be* suitable for waste- 
waters if overland flow is used'/ J ^ .• . ' . 

High pH's and/or ■free- carbonates (lim^) . * 

Bedrock and unconsolidated substrata, wh^n present, should be free -of coarse 

conducting layers or conduits, and should always*be at least 3 or* 4 /feet 
bel9w the soil^ surface. • . 



'Soils 



.• . High surface infiltration capacity and moderate ?ub soil permeability.- (See 
' • Appendix for methodology.) 

• A soil thickness of at least 3 feet Vithout restrictive layers. 

/ • \Well or moderately well-drained soil conditions to provide oxidizing con- 
/ ditiWis throughout most of the year; less well-drained soils if adequately 

• ' tiledX ;•' >. " ' ' . , , ^ 

• Moderate to high moisture supplying capacity' (15 to 20 percent by volume}*. 

- , ■ ■ . ' • .■ 

. r^* Soil pH Values ranging from 6.5 to 8.2^ 

•■ r ' -.^ 'vi ' '■ , ■ ' ■■ .. 

. • Medium and high levels of organic matte? in the . surface horizon. . 

« ' ■ • ■, . > ■ ■ ■ • ■■ ■ " ■ ■ . • 

A more detailed discussion of these site selection criteria is contained in the 

following paragraphs- 

: / / . ' Landscape Position • > • " 

, Position on the landscape jLs of major importance because it asserts a majof . 
influence oyi/ surface and subsurface water movement (hydrology of area); it influences 
the amount of soil erosion and therefore the amount of slydget wastewater, and by- 
products which may move off the site; and it asserts a secondary influence through 
its, contro]/ on the kinds of soils found in the watershed. - 

Two, general landscape drainage systems exist; the open and the closed system 
(Fig. 2. IK The open drainage system of most humid and subhumid areas permits the 
movement /of sediment and soluble material, from a given site to the waterdourse and 
then to the major sediment loads in streams and rivers. 

^ ^ the closed drainage system of some arid and semiarid areas is a 

landscape where essentially all products derived within the perimeter are trapped 
within/the system and are not transmitted to major streams or underground water 
siippliyes. Excess water is ponded and evaporates or filters for short distances 
through the soils in these area^. These systems contribute little. to the pollution 
of tl>fe environments outside thieir perimeter. 

in the selection of a site for sludge utilization, a landscape consisting of or 
approaching a closed drainage system is most desirable. Containment of the sludge 
its by-products is 'necessary until the risk from potential environmental, contami- 
s has been removed by physical, chemical, or biological reactions of the soil. 
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A modified closed system can easily be developed on a nearly level ^landsciape bj^ t^^ 
erection of small ridges across the outlet of the drainjage^baisin. ' v - v>". 

A -site for wastewater applicatiqji' shpiild. be a mQolfied ppen system whereh j^^^^ 
visions are made for the interception and removal pf watQr after renovation/^^^^^^^ - 

' in ^nost landscapes, the surface soil^s underlain by horizons or ^^ta^^^^^^ 
»are*less permeable KFig« 2, 2) and which restrict wat^r move^nent and" renoya:Vlve cap*^^^^^ 
abilities. Examples of less permeable subsurface and subsoil hbiiizons- axe i \ . v 

: • finei' textured B horizons (claypans) '^vt ^ / 

• . compaction pans^plowpans) . •\ ^ / 

• fragipans (silt pans) / * s „ . }. /r-^... . 

• : dispersed subsoils (chemical pkns) 



..in:- 



• dense. glacial till, shale, siltstone, and^ ifesiduum overlying limestone 
duripans (si lica- cemented hardpans). 'i''^^ • 

• .petrocalcic .hx)rizons (caliche or lime c^^ hardpan) * 
irdnstorie sheets , 



Where these layers occur, much of the water moves •down to the less permeable > 
layer 4nd then laterally downslope. Where slopes become more concave/ or w)i^e. the 
less permeabie layer come&^^^Ioser to the surface, se.eps, occur (Fig. 2,2) 

Shaping of landscapes may cause some.of the above conditions . At /^ny proposed 
site requiring ma;j6r shaping, the charact;eris tics of the subsoil horizons should 
be car ef ally evaluated to determine the types of chemical and physi^l character- 
istics which may be exposed or brought closer to the surface ; during the ■^hapiiig 
operation,. - /: 



So ils^ on convex landscape positaons or on steep slopes usually/ are well drained, 
well oxidized, thinner, and subject to erosion. Soils on. conca^ positions 
and on broad flats are aften more poorly drained, less well .pxidi'z^d, and d^ 
Water ai!^ sediment from, higher positions move to these /Low- lying lands cape« 

. . Soil and Parent MateriaV ' / 

- ^ S'- ■■■■ , ■ ■,• • •'>.././'■.■■ ( ■ . , ^ • 

On land used for sludje and/or wastewater ..Ippl^^catioWs/ the soil functions a$ a 
natural filter and as a, ihedium for the biological ^'nd^^ch^inical reacti^^ 
in renovation of these waste materials . The ^suitabilijity: of a site is therefore a 
function of the physical, chemical/^and mineralb^gical Characteristics of the soil, 
These are discussed in detiail bel/5w: 

Texture ' . ^ • ' . 

]■:■ Texture of the soil and parent geologici material is one. of the most important 
aspects of site SMectiefn because it influeinces infiltration rate, subsoil percola- 
tion rate, moisture holding capacity, and^dsorption reactions for waste components. 




■. Fine textujed. soils include Clay, sandy clay, silty clay. Clay, loam, and silty 
clay' loam/ .Mediunrvx^ soils are silt, silt ;|.oam, 16am, and sandy clay -loam. 

Coarse textured soils include sand, loamy sknd, and sandy clay loam: Definitions . 
of textural terms cafi Ue foijiid^in . th (25). 

. . In- mpstt^ clay fraction "i^res en ts only about 10 to .40% of the total- 

soil, but because clays are plate-shaped and have high surface are^is, this component, 
^along withy organic matter, ^ gpverns most physical, and chemical reactions in 'the soil . 
These electrically- charged particles have structures and properties which permit 
their lairge surface areas^ to hold various nutrients (including phosphates), heavy " 
metals-> and pesticides. Nitrate, on the' other hand, is not held to these surfaces 
and is. iriobilev 

^ Infiltration and Permeability ; . - ^ 

Fine textured soils often have as much pore spiece as coarse' textured soils but 
piores in. fine textured soils are -very small and transmit water Very slowly, v As a 
.result,, most waiter movement in fine textured soils' is along the surf^aces of the soil 
aggregsites^ ind ^cracks .rather than thraugh the entire soil volume. When fine texturied 
surface materials are wetted and the- large transmitting channels closed, the infiltra 
tion rate becomes very slow* Percolation.-rate in the subsoil follows^ a similar pat-' 
tern in medium and fine textured materials. 'Swelling of .the clay fraction, particu- 
larly high Shrink- swell clay minerals^ effectively seals the soil against ' fu:^^«;jier 
downward movement of watbr. ifiis sealing causes the water to pond on top af^^'et sub- 
§pil which in turn favors runoff and erosion from the landscape. One should J)6 cau-^ 
tious.in evaluating a site for sludge, application on fine textured soil to^•a§'sure 
that the iamourit of water, added will infiltrate. ' Failure to . achieve rapid infiltra- 
tion could' result .in temporary anaerobic conditions and increased , risk of odors. . 

If^orly and imperfectly drained soils are 'to be used for renovation of waste- 
water by spray /irrigation, drainage systems will be needed. These drainage systems 
'Shoxrld be placed at greater depths and at more frequent iriterva-ls . than in norjnal 
agricultural dra.inage design. vThis will insure several feet of agrobic soil' for 
normal'^'crop growth and adequate i^stewater renovation.. If artificial drainage is 
provided/, monitoring of drainage water should be undertaken fpr' the first season to 
insure that ^he treatment 3-ystem is performing as" designed. . 

Recently there has been considerable interest ih utilizing overland flow for 
wastewater renovation on fine textured soils where topography is favorable (see 
Section 8). Dfesign criteria for detprmining both the percent '^nd length of slope 
for proper renovation are still being developed, , ;/ . 

In .contrast to the fine textured soils, coarse textured soils have many large i 
interconnecting pores which allow water* to move rabidly through the soil. Ujiless 
the coarse textured -material is und^lain. by a finer textured zone (such , as a finer 
textured subsoil, pan, or parent mat^ial) , .jgjer carryioig suspended soluble compo- 
. nents from sludges and wastewaters can move downward to the. aquifer and may cause • 
contamination, of a -public or private water supply. ^ . 

If only coarse textured .-soils are available, improved renpyatioh can be achieved 
by limiting the quantity of wastewater applied at any one time. This allows more 
time for plant uptake, of nutrients and for tl\e soil chemical and biological reactions 
important for renovation to occur. Under intensive management and proper conditions, 
wastewater renovatipn has also been achieved in ^coarse textured soils by the rapid 
infiltration-percolation method * (5) . 



Infiltration and pefrmeability rate'3 tend to increase with- incr;eased organic 
matter content. Organic matter improves soiL aggregation and porosity and allows 
water to be transmitted , more tapidly. In addition, brgani^s-lmaterial i the surface 
helps prevent crusting,' particularly in silty soils. • , - 

Biotic factors also contribute to variability in permeability. In areas which 
are forested or. which have recently been cleared, old^oot channiels permit water 
. .and potential pollutants tp mov^. through the surface soil more rapidly. Burrowing 
inspcts and animals also create channels. Following a heavy rainfall,, water may 
moyie through the soils ill theses biotic channels rather than through the soil profile. 
Thi^effectively reduces the renoyative capacity 'of the soil. 

Moisturie Holding Capaciti^ ? - 

Soil texture and b^aik density (soil weight per unit voliime] of the soil are 
injportant factors in determining the available moisture holding capacity. This capac 
ity is a measure ^'of -th^moisture a soil can hold for plant use. It also gives an ' 
index to the amount of ^moisture a soil; can absorb.' Medium textured spiU with bul^ 
densities of less than -95 lb. /ft. ? have available moisture holdiiig capacities of 15- 
to 2Q%. Such soils, when dry enough that plants permanently wilt, will. absorb 9 to 
12 inches of water from sludge, wastewater, or rainfall in the upper 60 inches be- 
fore transmitting water to the underlying ;aquifer>. Finer anU coarser textured soils, 
have lower moisture holding* capacities and thus would not retain as much water. ' ' 

Bulk Density / ' ; - , ' . - 

■ .■ ■:. ..- . /-:.■,, ■ ■ 

In all soils, the moisture holding capacity and percolation rate decrease as 
bulk density increases. Additionally,. plaA/root growth is liihitedV in soils with / 
high bulk densities. , Bulk densities g^^ater'than 100 Ib./ft.^ are restrictive to 
moisture Tnoyement and plant. root growth.^ Two common situations where these high 
bulk diensity values may occur are in ;fragipans and in unweathered glacial till. 
Often in the spring of th^ year, these very dense zones will' limit vertical water 
movement to such ^n exteftt that watef will be ponded above these horizons and a 
perched water table situation develops. , Dense zones of horizons limit the thickness ' 
of the soil as a renovation medium, and favor anaerobic conditions above the pan. * 
when waterlogging occurs,. Soil compaction and increased bulk densities » may occur 
when sludge application equipment is used on excessively wet soils (see Section 5). 

■ * ' ' ' ' ■' ^ 

Soil Reaction'., ' ' ■''"■* 

The glacial till and loess from which most of. the soils of the Ndrth Central ' 
Region are developed were calcarfeous when deposited. 'As a result of leaching and 
soil development, carbonates have been removed fromi the surface. Soil reactions* 
near ni^utral (pH values 6.5-7.5) are J^oftant. for the immobilization of heavy metals 
and ph6?^h^^ occur in sludges and wastewaters. Most soils, of the Western 

United S^^a'te^ since they have soil reactions riekr neutral, have suitable soil re- 
actions to; anmiobilize h^avy metals and phosphates. Soils With low pH's C<6.5) must • : 
be amended With lime pricrr to applications of sludge to raise the pH.* Medium tex- 
tured soils w,£tJ>-free ^carbonates at less#than 4 or 5 feet are very effective in im- 
mobilizing heavy 'metals and phosphates which might move downward, particularly in a 
closed drainage system. - , ^ ' ' . , 

Restrictive Layets . -i ■ ^ ^ 

Soilis are not uniform either vertically or horizontally. In cross-section, the 
soil can be seen as a series of layers of diffjeringV permeability. A number of these 
layers in different, soils arje restrictive to wdter movement. 



The most common restrictive liy.er is the hpTi*zdft\.of clay'accumulationr (clay pan)' 
vyhich occurs in- most upland soils. A^second restrictive, layer is* the'pljowpan, pr 
traffic, pan, which may form 6 to 10 indies bejlow the surface as a result 'of traffip 
of heavy equipment (either farm or cons tilictidn) over the" sur^ 

pans) are ja third^type of rest;rictive/zone resulting, from nattiral s:oil-fbrming prpce^s 
ses in silty or loamy materials . These ro^ at deptl>s 'of 15 to 40 * 

inches and have* bulk densities rahgifig f^^^ Ib./.ft.^, - v , 

A fourth type of restrictive zone :is the cfisg^ft^ 
pans. . These. restricti\ie layers result from the. d^^^^^ soil parti- 

cl^si»s^-f*h«at the soil mass has lost iftost ' of its ' stinictir^r cTiaracteristics ;and w^ter. ^ 

.condacting channels^ The main chemical respon^ibleV/fqr the dispersionTis spdiurti^ ^ . 
Most soils with a major clay component of montmofiilpflite and a significant amount . * 

. of sodium have restrictive layers. ' ■ • ^ / - ? 

A fifth:. type. of restr^.ctive layer is the ^result, of dense parent material or 
bedrbck such as gl^^ial till, sHkle, siltstone,, etc. * Rock-like layers csin 'also form 
as the result of pjQeStpitation of silica, (dufi^ahs), carbonate (petrota^leio and car- 
cic horizons) , or iron ^irpnsto'ne iayers)v\ . . . . \ . % ' V ^ . 

Soil Variability ' * . ' . \ 

" — . — : ...'A^: 

In selecting ^y site for sludge and/or ,wai5t|waLter renovation, it%s ii^^^ 
to. consider soil variability. Soils developed from. lQessial. {wind-blo 
rials are most uniform,' while those derived from gdaciafoutwash or inter3tratified 

. bedrock materials are most variable. Glacial till jnay also be quite Variable^ parti- 
cuXarly when in close proximity to glacial outwash deposits. The magnitude and type 
of soil variability may determine the suitability/of ari area for sludge pind/or waste- 
water application and are important in determining the pattern, and extent of .sam- 
pling for site evaluation. On-site iriyestigation of a proposed site is essential to 
determine the* magnitude of soil variability. Failure to do^^so could result in some 

■ unexpected environmental or management prdbXems. ' 

Sampling ^ 

' . . * * , ■, , . , , ^ ■ ■ 

"^Within every soil series there is a given range in physical^ chemical, and / 
mineralogipal properties. Soil- analyses in Soil Survey Reports represent the central 
concept- of the soil; but soils at a pr6posed site may have somewhat different char^c- 
teri'stics. Therefore, it is highly re.commended that analyses be made- of the aoils 
found at the site. Useful laboratory analyses include particle size, organic, -matter, 

"fepH, cation exchange capacity, mpisture holding capacity, and bulk density. On-^ite . 
evaluation should include the measurement' of percolation, permeability, and water 
table levels at various times of the year.. \f clay mineralogy, at the- .soils is not 

'^well documented, this analysis should also be made. Inmost, of the Jjtfestern United 
States and in the central 'and western portion of the Noyoi Central Region where high ' 
sodium levels are commonly found in the soils, electriGal conductivity of the samples 
should also be determined. Soil samples from the, actual site, also provide base line 

. data from which soil changes may be evaluated after sludge and wastewater application 

* ' * c ' Available Rgsourc^ MateriaT ^ 

■t . ■ : : — ^ 

The preceding discussion has outlined a number of properties of the l&ndscape, . * 
soils,* and soil parent materials which are important in evaluating a site for sewage 
sludg:e and/or wastewater application. This discussion is not sufficiient fo.r making' 
a filial decision on site location. Many other resources of publ-ished material 'ahd 



personnel iare available and should be consul-bed' before a f^nal decision ds made. 

Some /sources /o£"qualified personnel w^re discussed oii page* 2.1. '•r-^* • / 

'Published reports on soils, geoiogy; -topographjr, .and hydrglogy^are available 
. for most 'are^s in the coun-try. Empljasis is being placed on. publioaxion of more re^ 
ports for areas undergoing urban expansion. . Among the^most usefiil standard, reports: 
available are the Soil Survey Reports produced ^by the Na-tional Cooperative Soil Suwey 
and put listed by the U.S. Dept. of Agricuiturife'. ' Eatli report contains'a detailed map 

showing the areal'^^distribution of/ soils in tlie area, along- with* physdcalT— chemi-cai"7"T 

and mineralogical dita and/or estimates^ for ^all the soils. 'In mahy^ areas, fnaps may \ 
be available .even thJfbgh^ the final report has not . been Brinted. . Often- aih interim 
report containing soil descrip-^ons and. datBo is' ay^iiable prior to the final report. ... 
A'sbils map^is/dev^loped by soil scientists ^examining the- entire area, arid is useful ' 
for 'general .planning purposes/ It is not, ^however., detailed enough so that it can 
be used wltfiotit bn-Site inspect^^ In areas where a soil 

survey ds not available, a soil,s map can be requested by contacting the local Soil 
. Conservation Service pffice/ / / ,v ■ \ . 

• In sonte areas, geologic reports on a quadrangle base are available. ^-These re- 
ports give de-tails on the' geologic strata in the area, including a map and discussion 
of surfjcial aeposits. / Som c^hemical and-j^hysical daita x)n the various strata are 
also included in most ^0f\thei5^e reports.. . 'These reports are particularly useful in * 
idehtifying Aquifers in'd thu^ are.as where -sands, gravel, limestone, and other rapid 
. conductors c^f' water: axe :loca^^ of the 7-1/1 minute quadrangle 

series are /available/ from -theVU.S. -.og: St-ate Geological Suryey for most of the country. . 
These'/ maps ^ show contour lines .and cultural features, inciuding roads, houses, and \ ^ 
lakes. In. manjr areas, special reppftS have been made on groundwater hydrology by the 
U.S. .or State teeorogical Survey^Qtl, by local groups interested in knowing the ground- 

• water: poten-tial.;:'-'v ■•■■■'V/. . -^-^^^-.x /■ ' " ." ... 

' On-site inspection .l^y trained professionals^ ^ for all sludge and waste- . 

'water app^ cation sit^^ soil scientis-t can provide the user with more 

detailed irifbrmajibh . on the .limitjatiions of the soils at the site and cai^ ideVitify 
arWs of . soils that differ from tHose . delineated on a standard soils' map accompanying 
SoiLvSurvey Re.ports.;> Qua^lified soil scientis'ts may be available at the local Soil / 
Conservation Service office, the State Department bf Natural Res<5urces, the State 
- Agricult'Ural Experiment Station, or at local prof es'sionlal consui'^hg firms. The 
. Cooperative Extension Service usually has personnel in the countyjwhp can assist in 
determining suitable sites.. Geologists 'should also be consulted cases where in- 
stallations are to be made to depths greater than 5-6 feet," or. whe^e there may be ' 
questions concerning a shallow pr complex aquifer. Help from geologic consultants 
is available from the U.S.. or State Geological Survey and professib'nal engineering . 
consulting forms. ■ ^ v - 
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: , ■ ..ANALYSES AND THEIR INTERPRETATION 
f for. Sludge Application to Agricultur^^l Land 

■ •■ ■' " ■ ■ ^ . ■ ' - ■ ■ ■!* ■ • ■ ■ 

L. E. Sommers and parrell -W/ Nelson* 



Darren ¥1 Nelson* v 



. Sewage sludge is a general tferm used to descrifte" a yariet^y of materials, com- < 
monly a: suspension containing 1 to 10% sol ids , prpducJed during treatment of 
wastewater. Sludges generated during the secondary stage of wastewater treatment- 
are normally "activated sludges." Solids. separated from the wastewater during 
primary treatment (primary sludge) are subjected to anaercrbic;digestion, producing^^ 
what is generally referred to as "sewage sludge" or "anaerobically digested sludgie". - 
lr\ some treatment systems, both the tftrimary and secondary sludges are digested 
anaerobi=cally. In addition, wetrair o>iidation processes or lime (CaO) treatment . 
are being used in some treatment''piants' as alternative methods for stabilization 
of primary and/or secondary sludges. In 'accordance with recent policies of 
U.S; EPA, the recommendations discussed herein refer to application of stabilized, 
sludges on land. The principal reason for requiring stabi-lization^of sludges is 
the potential threat of- dispersing pathogens contained' in "raw" sludges. Additional 
types. of sludges will require consideration in the future, such as tertiary 
sludges resulting from lime or alum treatment of secondary wastewa^r. .' 

In general, the majori'ty of sludge applied to land will be either anaerobically^ 

or aerobically digested sewage sludge. After digestion,; sewage sludge may be 
further processed to reduce the water content b)^ vacuum filtration or centrifugatjon, 
resulting in a sludge "cake" containing 30-40% solids. In many cases, sewage -sludge 
will be applied to land as a suspension containing from 1 to,. 10% solids (i.e. 
the form exiting the digester or settling tank). The.dewatering of sludge not onlr , 
influences the economicsof sludge disposal but it also alters the chemical composition 
of the slujige. and thus the rate of application on agricultural land. 

It should be realized that sewage sludge is a very heter ogenous material , vary- 
ing tn composition from city to city and jrom day to day in the same city. Thus, ., 
before a serious attempt ts made to develop plans for sludge appl ication on agri- /. 
cultural land, considerable thought should be given to obtaining representative 
samples and making arrangements for accurate chemical analysis of the sludge. 



: , Siadqe Analyses 

Sample Collection .. 



Preliminary analyses can be made from a single grab sample, but more detailed 
sampling is needed. For calculation of appl ication rates, senarate samples of ttie 
sludge should be'collected once per 2-3 months for a period of 6 to 12 months in, _ 
•order to' obtain a representative analysis of the material to be considered .for land 
application. The most desirable sampling scheme involves obtaining samples based 
on flow so that the flow-weighted average chemical composition can be determined. 



Ope liter (or qt.), of sample' should be stored ^'n a plastic or glass container so 
that evaporation of water is prevented. If dry.sludge is used, these precautions 
are. notJificessary and a plastie bag will suffice, for. sample storage and transportation. 
^fTRles, should be, subjected to chemical- analysis as soon as possible. If- storage 
rrcequired, it is^ecommended that samples be frozen or stored at 33-36°F If 
more than.l day will elapse between sample collection and cold storage, enough 
hydrochloric acid should be added to ^slurry samples to brinq the pH vaTue to' 
between .0 and 1 . • • .. 

• '\. , ■■ ■ / ■ . '■ ■ ' ■ ■ ■ /' ^ ■ . >' ' / . , 

Sliidge Analysis " ' " 

'Sewage sludges. contain;a wide variety of materials, including plant nutrients, 
organic materials, oils; greases, and trace metals. The metal-conten.t "6? sludge is 
especially important befe^se many mqtals are essential for plant growth at small " 
concentrnions,^ut3r'<fe tdjq^c at high concentrations. A complete analysis of ' ' 
sewage sludge IS a very involved process requiring considerable effort. Fortunately, 
a complete, analysis is not required to. make a recommendation for rates of sludge 
appication^to agricultural lands. ; The sludge analysis recommendations win ' • . 
follow should be considered tentative since. future information ma^y indicate that 
additional elements should be included or that some of the elements ihcluded^need 
not be determined. . 

' \ i ■ ' -. . 



Necessary Analy^s ' _ 

Analyses required of all sludge samples and the suggested 'analytical- methods 
are shown in Table 3.1. Since the solids content of sludges varies from batch to 
batch, all composition data must be expressed on an oven-dry solids basis. The ' 
following parameters must be determined to develop recommendattons for application 
rates on agriculturaVsoils. ^ '^'^A^ . 



Parameter 



Suggested Method 



Pfercent solids 
Totafl N (nitrogen) 
NH^-N (ammoniun]) . 

NO3-N (nitratei 

Totjal P (phosphorus) 

Total K (potassium) 



Copper (Cu, zinc .(Zn), nickel (Ni) 
lead (Pb,) and cadmium (Cd) ... 



Drying at 105^0 for .16 hrs. 

Micro-Kj^ldahl and Ld^ 

Extraction with-po.tassium chloride and 
. ■■S.,D; ■ • -V"^'.-. 
Extraction with potassium chloride and 

S,D, after reduction ^ 
. Nitric acid-perqhloric acid digestion 

and colorimetry ^ ' 

Nitric acid-perchlgric acid digestion 
and' flame photometry 

Nitric acid-perchlfortc acid digestion ^ 
and atomic absorption ^ . 



* References (4,11 ,20) ^ ~ ~^ " 
t S.D., steam distillation and titra^tion of distillate with standard sulfuric acid 

Colorimetri'c methods may be used for ammonium and nitrate. - 

* Background correction (e.g., deuterium or hydrogen lamp) may be needed for ' 
cadmium, nickel and lead. 



vAdditionaV Analysis » ' . . . ' 

' , / • ^ • .:.>,,,. ' ■ * ;^ •■ " . 

The following elements may be of concern in special instances, but in most 
sewage sludges which are encountered they will not influence the rate of applica- 
tion of sludge to land: selen>um, cobalt, chromium, arsenic, boron, iron, aluminum, 
mercury, silver, barium,' sulfur, calcium,' magnesium, sodium, molybdenum," ' 
^inorganic carbon, and organic carbon. (Refer to Sectiqn 11 for information 
^qualifying the above .list of elements). With the exception of irsulf ur, , carbon, 
and, bpTon, all analyses listed above. can be accomplished with atomic 'absorption ' 
spectrpphptpmetry*prdvide(d ttie\.s:ludge contains sigrvificant amounts of the .element. 
In mtfst cases the elements arsenic,: seTe^^^^ boron, chromium, and mercury are of 
greatest importance in injlustrial wastes; however,^ some municipal sludges may 
contain elevated levels-of these metals if industrial wastes are added tO' the sew- 
age system*. In these eases the industrial wastewater should be examined and based 
on this information a- decision should be made as to which si gcDge parameter iS'Of 
greatest concern. Even though some of the above elements may be present in high 
concentrations in sludge, they dp not appear to limit crop growth to the extent 
of the elements listed under Necessary Analyses. 

Considerations for Applying Sewage Sludge on Agricultural Land 

The following information is needed prior to calculating^'the rate of sludge 
application: 

Sludge composition (see Table 3.1 ) \ 

! Soil pH, cation exchange capacity, and lime requirement to adjust soil • 
to pH 6.5 • ' 

Soil test for available P and K; P and ;K fertil izer -recommendatiop for crop 
- : to be grown. - . ' ^ » . 

•■• ■ ^. . ♦ • / 

Crops to be grown. v . - ' 

' r ' , The rate of sliidge application to land is based on the nitrogen requirement ' 
of the crop grown and the metal content of the sludge. , If the s>udg^ being 
applied has a low metal content, then it is possible to use. sludge as a nitro^^en ; 
fertilizer material . However, if* the sludge contains high concentrations bf Cd • 
then the sludge may bemused as a supplemental nitrogen source only. In either 
case it mc^y be necessary to use .commercial fertilizer materials to furnish potassium 
for crop growth: The ranges of nitrogen, phosphorus, and potassium contents 
typically found in anaerobically digested sewage sludges are shown in Table* 3.2. 

TABLE 3.2 Composition of Representative Anaerobic Sewage Sludges . 



Component . Range ' Lb/Ton 



Organic fiitrogen 


1% - 


5%' 




20 - 


100 


Anmoni urn nitrogen 


..■ ■ 1% - 


3% . 




20 - 


60 


Total phosphorus 


1:5% 


- 5% 




. 30 - 


100 . 


Total potassium 


rO.2% 


- 0.8% 




,4.. 


16 



* Percent of oven-dry solids 
t Lb,/tori dry> sludge 



•••• . . . •>■ 

After addition to soil, sewage sludge is slowly decomposed, resulting in re- 
lease of nitrogen available for'plant gi^owthv Ava't^^^^^^^^ suggest that 20% 
of the- organic nitrogen is o(jnverted to plant available forms the first year and 
that 3% of the remaining Organic nitrogen is released each year for at least three 
subsequent years. Thus, plant availcible nitrogen is -released for several years 
after kludge hjas been added* to soils. For' example, decQinposition of a sludge-con- 
taining 3% organic nitrogen applied at 1 0 tons/acre/yeac: f^ 3 years will releas^ 
41 jb. of nitrogen the fourth, year. Thus, sludge appli cation are b'a'sed bn^ 
the quantity of readil/livailable nitrogen in sludge (iVet,^^^^^^^^^^ and on " :. 
th? amQunt of nitrogen released during sludge decomposittoh in soil • The data 
presented in Table 3.3 is based. upon N mineral ization^ rp^^^ 3, 3, and 3% 
for years 1, 2, 3, and 4 after sludge application. The -^xfe^^^^^^ 
organic N. mineral ization in sludge; treated soils are und&ub^1;ed1^ - 
sludge, soil and cl imatic conditions. In more temperate. cTiniates^ the percentages 
are 1 ikely greater than those used lierein<^ Nevertheless, a dedajy seri for 
organic N mineral ization shp,uld be employed for calculating .sludgeVappl ication 
rates based on N required for crop growth. An additional consideri^^^^^ in sludge^ 
application rates is the method of application, . For surface aipplication? «;of' 
sludge, approximately 50% of the NHt-N applied will be volatil ized as NH^, re- . 
suT^ting in increased appl ication/rates. If sludge is incorporated immediate! v 
(e.g, , injected), then available N applied, in .sludge should equal the ferti.li./.. 
N recommendation. When sludges are added to soils at N utilization rates, the . 
amount of P didderf exceeds that required for crop growth,. Excess availableiP in 
soils may be related to' decreased soybean yields encountered in some' experiments. 
Based on the limited data available, the level of available phosphorus in soils • 
receiving sludge should be checked and serious consideration given to di scant inu- 
ring sludge appl ications if available phosphorus exceeds 1500 1 b/acre. . : ; , / > 

.The criteria used ..to prevent metal injury from sludge application on land 
aire based upon the total amount of Pb, Cu, .Zn, Ni , and .Cd added in sludges,' 
Whereas nitrogen commonly limits the annual application rate of. sludge, metals * 
in i»4.udge will determine the length of time a given acreage can receiive sludge, - 
The upper 1 imit for metal addition is given in TabTe,3,3. The current version of 
Table . 3/3 differs from the first edition of this . paper in that the liniHs for 
Ni have been increased by a factor 2.6, This increase in Ni limits reflects 
recent research data indicating that Ni. toxicity to crops will not be a prqblem 
in soils maintained at pH > 6.5, as required for '^oils receiving sewage sludges. 
The limits for Pb are not based on potential toxicity of Pb to plants. but rather - 
to protect both animals and humans from Pb exposure through direct ingestion of ' 
soil receiving sludge. In addition to the maximum accumulation of Cd shown in 
Table. 3.3, the rates of sludge application should result in no more than 2 Tb. 
of Cd per acre being applied on an annual basis. It must be emphasized that - 
soil pH: must be maintained at pH > 6.5 after sludge appl ications are discontinued. 
If sludge applications are limite3 by Zn, Gu or Ni, metal toxicities to plants 
could result if the soil is allowed to 'become acid in the future. v 

• The use of CEC in Table 3.3 does not imply that metals added to soirs in 
sludge are present as exchangeable cations. - Rather, tile abil ity of a soil to 
maintain added metals in- a form unavailable' for plant uptake is related 'to the r 
organic matter, clay and hydrous oxide content of the soil... As these soil para- 
meters increase in concentration, increases in CEC result. Thus', CEC was chosen 
as a. single, easily measured soil property which is proportional to the abil ity- 
of a soil to minimize metal effects -on crops.. ^ ' 



TABLE 3.. 3. Total Amount of Sludge Metals A-l lowed on Agricultural . Larid. 



"1^ 



Soil Cation Exchange Capacity (meq/IQO g)* . 
ai; : ■ ' 0 5 \ . 5 - 15 > 15^ 

• iv^* / . . Maximum Amount of Metal (lb/ Acre) 

Pb -. . . / 500 • 10(00- V ; - 2000 

2n^^ . . ' 250. :. I : ^ 500 / . 1000 - 

.Cu. ^ -V^ • r^' l25 ' • >. ■ .250. \ ' ■. ' ' • 500 

Ni^' . . . 125 - v 250 . ' . 500.: 

•cd ■ ^ 'r'/ - ^ . ■ '^I'o^'^'y 20 _ 

"-. . • ••"^ • • ' .■ • — . .-. — 

Determined by the pH 7 ammonium acetate procedure. - 

V . ... ;The vBlues in Table 3.3 are the tot^il amounts of metal-s whicl] can be' added 
to sQils. With metal contaminated ^sludges, one of the above criteria may be 
met w^^ single appl ication, whereas 5, TO. or 20 appl icatipnsLJTsy.^t)e Jjeed«^ 
:'Qlean" domestic sludges. Furthermore, ^when the. metaV 1 imits are Veacli^ 
. appl ication must be terminated.- A soiT pH > 6.5 must 'be maintained an iflill sites 
.after sludge is appl ied to reduce the solubil ity anc! plant uptake 'of potentially ^ 
toxic heavy metals. x ; • • ; ;^ \ 

•" . • _ ■ . ■ • ■ ■' ' ' ■ , ■> ' ■ , . » . 

Calculation of Annual' Application Rate . : ' ^ 

' Step >1 . Obtain N requirem.eht for the crop grown from Table 3.4 o.r obtain 
N fertil izer recommendation from Cooperative "^xtensp 

^ ^ . or soil analysis Taboratory. . : 

. . .' . ' - . ■ ■ * . • . ■ ■•■,.■> 

step 2*. Calculate tons of sludge needed to meet crop's N 'requirement. ^ 

' a. Available N in sludge • . - r ^ ' 

' . % anorganic N. ^N.) = {% NH^-N) + (% NO3-N) : , > , 

■ ' ' ■ : V % Organic N (N^) = ( % total s ),-^ ( % inorganic N ) 

i) Surfat:e appl;ied sludge, • 
• ' . Lb available N/totn sludge' -^^(iNH^-N X TO) +^ (Tp NO3-N X 20) 

• ' ■ ' T /^'i y ^ +:(%N^x4) / : 

• • • n) Incorporated sludge • o 

Lb available N/t6n sludge ^ {' % NH^-N X 20) + (% NOg-l^ X 20) 

. \ : : • b. Residual sludge N in soil ; ^ ^ ^ "^o ^ ^ 

^ If the soil has receiyed sludge in the past 3 years, calculate 

residual N fromiTable. 3.'5. * . ; ' 

, , c. Annual;application^ate • .. . ' V . ' ' 

' • .- . -1 ..J-- - crop N requlrlfent - rgsidual N . 

. 1 ) Tons s1udge/^cr€ - ava?1a^1e N/ton. sludge . : 

1i)' .Tons sliidge/a6r^ = |p^^ 
' iii ) the lower of the two atfiQunts is appl ied. - : • v 



Table tonu-al Nitrogen, Phosphorus, and Potassium Utilization by Selected 

frops.* . . 



Crop 


Yfeld 


Nitrogen 


^ Phosphorus 


Potassium , 


* ■ • . 






'. s_ 


Lb. per Acre 




. Corn 


1 50 


bu. 


185 • 


35 


.178 


r 


• ■ :„ 180 


bu. 


• 240 


44 


199 


Corn, silage 


32 


tons 


200 ' 


35 


203 


Soybeans 


. • 50 


bu. 


. 257t 


21 


TOO • . ..- 




60 


bu. 


336t ■ 


29 


120 


Grain sorghum 


8,000 


lb. 






ICC 


Wheat 


6p 


bu. • 


125 


22 


91 4- 




80 


bu. 


186 


, • 24 , 


134 . 


Oats ' 


100 


bu.. 


150 


' ■■ ■■ 24 


:i25 ... : 


Barley 


100 


bu. 


l&O, 


24 


125 


. Alfalfa 


8 


tons 


450+ 


35 


398-." ' 


Orchard grass 


.6 


tons. 


300 


44 


3T1 ■ 


Brome grass 


■5 


tons' 


166 


29 


211' . 


. Tall fescue 


3.5 


tons 


. 135 


29 


154 ■ ' 


Bluegrass 


3 


tons ■ 


. 200 


.24 


149 


r ' ~ 






i-^— 







Values reported" above are from reports by the Potash Institute of America and 
are for the total above-ground portion of the plants. Where only grain is re- 
moved from the fieldV a significant proportion of the nutrients is left in the 
residues. However*,' since most of ^ these nutrients are temporarily tied up in the 
, residues, they-'are not readily available for crop flse. Therefore, for the purpose 
'of estimating nutrient requirements for any particular crop year, complete crop 
removal can be assumed. . ' . . 

•Lejgumes get most of their nitrogen, from the air, so additional nitrogen sources^ , 
are not normally needed. 



Table 3. 5. --Release of Residual Nitrogen During Sludge Decomposition iri Soil 



ERLC 



/Years After 


: Organic N Content of Sludge, % 




; Sludge Application 

• ^ 1 ' 


• .;2.'Q ; / 2.5 -a.O 3.5 


4.0 


4.5 


.5.0 




Lb.' N Released per Ton Sludge 


Added 






;i.O ^1.2' ' 1.4 1.7 


1.9 


2.2 


2.4 




. V :b;!:9:^ ' 1.4 . 1.6 


1.8 


2.1 


. 2,-3 




■; .0';'9>''^^:-.'m'.1 ;4 1.3 1.5 


1.7 


2.0 


2.2 













.•..y:,-.;3.6 



% '■ 



0-1 



-Step 3. Calculate total amount of sludge allowable. 

a. Obtain Riaximum amounts of Pb, Zn, Cu, Ni , and Cd allowed for 
CEC of the soil from Table 3.3 in lb. /acre. 

b. Calculate amount of sludge needed to exceed Pb, Zn, Cu,. Ni, and 
^ Cd limits, using sludge analysis data. 

Metal '. ^ 



Pb: 


Tons siudg'e/acre = 


lb. 

ppm 


Pb/acre" 
Pb X .002 


Zn: 


Tons sludge/acre = 


lb." 
ppm 


Zn/acre 
Zn X .002 


Cu: 


Tons sludge/acre = 


lb. 

ppm 


Cu/acre 
Cu X .002 


Ni:, 


Tons sludge/ acre = 


li). 
ppm 


Ni/acre 
Ni X .002 


Cd: 


Tons. sludge/ acre = 


lb. 

ppm 


Cd/acre 
Cd X .002 



(Note: Sludge metals should be expressed on a dry-weight ppm ^ 
mg/kg basis). _ 

The lowest value is chosen from the above five calculations as 
the maximum tons of sludge per acre which can be applied. 

Step 4r Calculate amount of P andiK added in sludge. 

TojTg^of sludge x % P in sludge x 20 = lb. of P added ' ^ 

\^ Tons of sludge x % K in sludge X 20 = lb. of K added 

. 

Step 5. Calculate amount of P and K fertilizer needed. . > 

* ' ' . •* • 

■ ' ' ' ■ ■ ,■■-'.■»> ■ 

(lb. P recommended for crop)* - (lb. P in sludge) = lb. P fertilizer 
needed 

(Tib. K recommended for crop)* - (lb. K in sludge) = lb. K fertilizer 
needed . ' 

A sample calculation may be found in Appendix B. ~ 
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*P and K recommendations based on soil tests for available P and K. Fertilizer 
recommendations^an be obtained from Cooperative Extension Service or soil analys 
labor^atory. = 

. ■ ■ • ■ ■ ■ ' • ' . , ■ . • ' ' 

Lee E. Sommers and Darrell W. Nelson areMssociate Professor and Professor, re- 
spectfcjigly,., Agronomy Department, Purdue University, West Lafayette, IN 4790,7 

■ ■ ■ • »Oo 
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CROP AND SYSTEM MANAGEMENT 
■ for Sludge Application to Agricultural Land 

' . : Robert H. Mill.er 

The primary emphasis of this docum.ent has been the application of sludge to 
agricultural lands in a manner which will assure that no perinaneiit damage /is done 



to the land or to th e environment, / This is particularily important if th^ land 
receiving the wastes is leased rather than purchased and the farmer applies the 
sludge t^ his land, as an alternate 'soui>ce of nutlrients. If this approach' is followed, 
the annual' application rate will usually be based on nitrogen sufficiency for crop 
growth (^ee Section 3) and usually will be under 10 tons/apre. The long-term quan- 
tity of sludge applied to any one site will be based 013 the type and quantity ojf 
metals piresent in the^ sludge (see Section 3) . 

ThiL sectioiii contains a number of . considerations important for managing the 
farming Operation w)i;en sludge is applied tp land. As with so many. other aspects of 
waste application to land, no one ptopofeal can be recommended for all situations. 
The design and management of each site will be unique and require the coordinated 
efforts pf the farmer and/or farm manager, the treatment plant operator., and agri- 
cultural^ engineers. 

: Management -Considerations 

Soil Managemeni-Site Selection ' * 

.r- ■ *■■„ - ■■ ■ • . , ^ 

Proper site selection prior to sludge application greatly siiplifies soil man- 
agement. These factors have been discussed previously in Section 2 and will be re- 
peated only briefly before going "on to other considerations. 

J Of primary^ importance to the success of the system is the establishment and 
maint^??^ce of . a pH >6. 5": Most metals are less sfeluble at pH 6.5 than at. lower pH ' 
values, and a pH >6.5 will restrict plant uptake akid accumulation of metkls as well 
as their . downward mobility in the soil. Soils should be selected which Have the 
desirdd pH or be liined. until . a pH of 6.5 or greater is attained. After sewage 
sludges are applied, soil pH should be evaluated annually to insure that the pH 
remains at or near pH 6.5. Oxidation of excess nitrogen to nitrate or sludge sulfur 
to sulfate could lower the soil pH. Other soil properties influenjcing the chemistry 
and availability of metals* in soils include the cation exchange capacity (see Sec- 
tion 3 and the influence of c^ion exchange capacity on maximum total sludge applica- 
tion rate), the soil organic matter content, the presence of hydrous oxides of iron, 
aluminum, and manganese, and the phosphprus content. 

Soil drainage characteristics, which are influenced by a myriad of factors 
(Section 2), are also important because they influence the timing and method of 
sludge application, as well as tillage, planting,^ and harvesting operations, after 
sludge additions. . \ ' . J 

Soil Marlagement-'Fertility Considerations . ^ 

TTie nitrogen j4:n anaerobically digested sewage sludge usually consists of about 
ojie - third ammonit^il;;^^ sewage sludges also contain significant co^icentrations of . 

ammonium nitrogen* The most .commonly employed method of ^^..udge application is qn 
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the soil surface, after which it may or may not be incorporated. If the sludge is 
allowed to dry on the soi,l surface, cpnsiderable ammonia is volatilized into the 
atmosphere. The actual amount lost will depend on the nature of the soil, soil water 
content, quantity of sludge applied, and the sludge itself. It has been estimated 
that 25-50% of the ammonium will be lost if sludge is applied on the surface. If 
the sludge is injected directly into the soil or incorporated into the soil immmedi- 
ately after surface application, most of the ammonium will be retained. 

Sewage sludges generally contain considerably more phosphorus, relative to the 
nitrogen needs of most crops. Sludge applications based on the nit ro gen rp g^ir^.^p^r^'^ 
-of-the.; crop may Olten over- tertilize with respect to phosphorus. Unless very hi^h 
amounts of sludge are applied, however, the soil will immobilize excess, phosphorus 
rapidly and over- fertilization, should not present problems for many years. However^ 
in one experiment in Illinois, the application of. a very high amount of sewage 
sludge in a single year resulted in phosphorus toxicity to soybeans. . 

Sewage sludges are usually very low in potassium, a value of about 10 lb. of 
potassium per ton of dry sludge being common. Other cations in the sludge will often 
compete with potassium. in the soil solution arid restrict potassipm uptake by plants. 
Thus, no credit should be given to even the low amount of potassium in- sludges and 
the soil should be fertilized with potassium according to the results and recommenda- 
tions of soil. tests. ' / 

Soil Management-Riinoff Control 

' ' " ■ , ■' ' ' " ■ 'i ■ 

Sewage sludge applied to the surf ace of .^^:he soil without immediate incorpora- 
tion can be transported in runoff waters and result in contaminated surface waters. 
The potential danger. of runoff increases greatly on sloping land in regions of high 
rainfall and is the reason that soils to be used for sludge application should be 
restri/tj^ted to those with, less than 6% slopes wherever possible. (See -Section 2. ) 
The dangers are most severe if an intense rain occurs soqn after liquid sludge is 
spread on sloping land. Methods of application other than surface application musf 
be considered where sloping , land is employed. Diversions "or eartKern barriers -may 
also be necessary to contain runoff temporarily, and prevent sludge -from reaching 
water courses. These latter considerations are all, facets of engineering design. 

.Regardless of slope, certain conservation practices can be adopted which will 
minimize runoff from sludge- treated soils. Such practices include reduced tillage 
systems, terraces, strip cropping, and retention of crop residues, on the soil surface 
wherever possible. > ' . : ■ 

Crop Selection 

\ Crop selection is hot an important management consideration in systems where ; 
the sludge application rate is based on nutrient needs, or restricted to minimize 
potential damage by heavy metals. , The farmer or farm manager has available almost 
all of the common agrpnpmic crops. 

With no limitatijons in the selection of plant species, it is usually advantia- 
geous to maintain or.' utilize the normal cropping patterns found in the community. 
These patterns have usually evolved because of favorable soil, climatic, or eco- 
nomic reasoris and will probably maintain certain advantages in the ^sludge applica- 
tion system as well. One possible exception could occur if the cropping pattern of 
the area is restricted largely to a single crop. ^ Here there could be advantages iri. 
employing an additional crop or crops to increase the opportunity of applying sludge 
during a variety of seasons^ >A simple example would be a corn monoculture system 



^ vs. a com and grass forage rotation. In the m system, 5ludge can be applied 
to corn land and incorporated prior to planting harvest. Additional sur- 

face applications could be made on som:e soils .of^'he^N^ Central -Region through- 
put the winter months, subject to local or state \egulations, wh^n not frozen or 
. covered with ice or snow. The forage cbmponent woMd allow /slu^ige applications tb^ 
y^land^ those times when the corn land would be in^fcessible, 6.g.,*When tbo Wet for 
; trafficability. V ■ ; • 

'. ■ • ' • v'. ■ 

Txmixig of Operations 



Timing of sludge applications l^o land as well as the farming operati'o^^ of 
the system are dependent on climate, soil properties, tK^ crop, and ttie tillage, 
planting, and harvesting procedures employed. 

Climate has a major influence on management o^ soils 'a^^^ crop dVstems receiving 
sludge. Temperature has a direct influence on application o)^ sludge in areas where ' 
frozen soils or snow cover make sludge applications impractipa^' or environmentally 
unsound. In northern aireas of the U.S., winter storage faciliti^es for wastes are 
required and increase the operation costs for the municipality. temperature also 
..influences the growing season of p^-ants and the i|J|ie of decbmpositioii bf sludge 
organics in soil. Both of these factors^'inf luence the reriovative\c^pabiliV of the 
soil. The mean length of the freeze-free'period in days (growing se^oii) varies 
greatly within the North Central Region from about 100 days along ,thfe 'Canadian border 
to about 200 days in the southernmost states of the region. The freeze-^^ee period 
varies from 150 to 180 days in.most of the Com Belt. Useful temperature for 
the North Central Region cati be found in N.C. Regional Publicatipn No. 174 fa.]^ 

Rainfftl has an. influence on all management decisions involving kudge app^^fc^- 
tion-, tiliage, planting, arid harvesting.^ Care must be exercised to ' assure that 
sludge is not applied to wet soils with, heavy equipment . Such applications would 
result in cpmpactibn atid reduction in crop yields. Rainfall distribution also in-, 
fluences the amount of sludge storage required by a municipality . If the soils are 
top wet fot sludge application at the planned or desired time, the farmer^'may not 
be able to accept the" sludge as planned. Storage would thiis be required until con- 
ditions are again favorable for applications to continue. 

Soil properties aire extremely important to scheduling sludge application as 
.well. as determihing the ease and timeliness of all tillage, .planting., and harvesting 
opepation5.Apblying sludge to land by almost all methbds is an additional opera- 
tion of concernTto the farmer as well as the treatment plant. Delays for the farmer 
may mean a disruption of his normal tillage and planting operations, and may be 
ecbribmically unacceptable. Unfavorable soil properties, e.g. , high water table, ' 
saturated soils, etc. , also mean that sludge cannot be applied in the Spring of the 
year and reduce the acceptability of land application fox a municipality which must 
have the capability for all-season application.. Likewise, delays in harvesting 
because of wet soils might limit Fall application of sludge with the same result. 
Thus it is very iiipprtant that soils be chosen which are well enough drained to pro- 
duce a minimum ^^^^ for all important operational procedures of the system. ' ^: ^ 

The choice 9^1] crop or crops provides a means by which the faririeYv^s well as the 
treatment plant operator can vary the time periods during which sludge canj^app lied 
to land. ^ These a^^pects have been discussed briefly under Crop Seiectioivi'^^ome flexi- 
bility in sludge application can also be provided by altering t'he maturity dates oF 
small grains, c^, or sorghum cultivars so that harvesting,^ tillage, and planting 
operations can more nearly fit ^^^^^ or soil limitations b^ sludge applica- 

tion discus s.edv;3p;rev '^^ 



other Management Cotr^iderations . . ^. 

Tl^ere are sonie/data showing that sludge can retard seed germination and early 
plant growth. Most.of tViese cases have occurred at sludge 'application rates higher 
than- those recommended here. The retardation is thought to be caused by a high con- 
centration of soluble salts and/or high ammonia contents. These problems can be 
further reduced by Applying the. sludge 2 to '3 weeks before planting, by thorough 
mixing of the sludge in 'the tilled soil layer, or by ^ a thorough irrigation^rior to 
planting- Tn the hiimiH rpg-inn<; nf thp II S y thp p rnhlpm will he-potential ly less 



severe than in ^ the mo r^ arid non- irrigated regions. 

Herbicide -applications for weed control on soils receiving sludge should be the 
same as those normally used for a particular crop or soil. Weed control is espe- 
cially important because of a desire to maximize crop yields and nutrient removal.^ 
An' additional weed problem may arise because tomato seeds survive, waste .'treatment 
and grow profusely in slvidge-treateci soils. ^ ^ 

In- general, the use* o'f other pesticides on sludger-treated soils will not be 
altereS from the normal procedure recommended for untreated soils. \ 

Sewage sludges should not usuall;J^be applied directly on leaves of growing 
plants unle3s.:the sludge $lolids can be subsequently washed off by irrigation water. 
Liquid sludge wKen ajgplied on leaves, of plants will dry and coat the leaves, reduc- 
ing phatosynthetic activity. Observations from studies in Illinois have indicated 
•that' corn yields will be reduc^d.JL^ the leave;^ are coated with sludge repeatedly 
during the growing seasdn. If desired, liquid sludge can be applied to row crops 
during the growing season by gravity irrigation techniques, by tank wagons, or by 
overhead irxigation* systems equipped with drojT hoses betweeil rows . 

• Sludges can -be applied to fqrage -crops during "the seasdn if applied prior to 
spriiig growth, after dormancy, or immediately after cutting and.before significant- 
new growth^has beguji. . * •/ ■ 

"~ Robpt H. Miller is a Professor, Department of Agronomy, The Ohio State . 
Universi|ty and Ohio Agricultural Research and Development Center, Columbus, Ohio 
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^ Section 5 ■ ^"V > -A 

SELECTION OF THE SYSTEM 
for Sludge Application on^'Agricultural^Land 

- Richard K. White \ . ... 



. System and equipment considerations are the major engineering inputs to a work-' 
able operation ofjrenpvating municipal sludges by land application. What are the 
criteria which need to be considered in designing an acceptable system? The criteria 
should meet the following: no detrimental impact on thie environment (air,. water, 9t 
soil), while using the best available equipment to handle and apply the sludge on / 
the land, in an economical manner, with good management practices such as uniform. 

application and minimxam' nuisance. 

• ■ ■ • • , ',1 • • • , " . ■ ■ ' . . . ! ' • ,* . <^ 

Three phases ii> the handling of. sludges fpr land disposal are interdependent: 
treatment (storage) , transport, and application. The degree of treatment will affect*^ 
the mode o^ transportation, e.g., vacuum filtered sludge will need to be k&uled as 
a solid. Partially stabilized sludge will need to be incorporated into l^e soil to 
avoid nuisance. A vital part 6f ,the total handling system is storage tdC allow for 
periods when application to the -soil may not be possible, e.g., freezing weather or 
soft ground. 

Once the decision is made that the sludge will be handled as a slurry (liquid), 
semi-solid, or solid (cake), the type of transportation and applicatioa. equipment 
can l?e selected. Table 5.1 indicates a range of solids content and hand ling charac- 
teristics. In the following sections on Transport and Application, systems and equip^r 
ment vfcll consider both liquid and semi-solid or solid sludgesi. One additional con- 
sideration, without respect to the sludge being in the liquid, semi-solid, or solid . 
form, is whether soil incorporation is needed to prevent odor nuisance or surface ^ 
runoff. ' ^■ 

... Transport 

The selection of the transportation systems : and equipment should consider the 
.kludge production rate; i.e. > quantity, distance to site, proximity of application 
area to waterway, railway, or highway, whether application will be seasonal or year- 

TA.BLE 5.1. --STudge Solids Content and Handling Characteristics'. 



Type 


Solids 
•'Content 


Handling Methods 


Liquid . . . 


1-10% 


Gravity flow, pump, 
tank transport 


Semi -Sol id 
("wet" solids) V. 


'. 8-30% • . 


Conveyor, auger, truck 
transport (water-tight 
box) 



Solirfl ' 

.("dry" solids) 



25-80% 



Conveyor, bucket, truck 
.transport, (box) 
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round, and^ the life of the application area, 
transport for both liquid and solid sludges. 



Tables, 2 lists alternate 



modes of 



For large cities/ i.e., largie quantities of sludge, th6 use of a pipeline, ' , 
barge, or rail tank car may be the vbest choice from'an^ economical and managemeiYt 
viewpoint. The use of a truck which provides flexibility often is the best choice 
for - a 1 A-r rniTiTnim^' ty . — I f l iduliug Jlslahceb ai ' u loiig. It may 'be DCS t to use tank, 
trucks for hauling over the highway arid transfer to either a high flotation tank 
truck or tank wagon for field spreading. If year-round application by truck or tank 
wagon is selected, the use 9f flotation tires is necessary to al!|.ow field travel / 
over soft ground. The use of tank trucks provides flexibility in locifting*land 
application- areas, scheduling hauling, and enabling direct application, soil condi- 
i tions permitting. • ' .. 



TABLE 5.2.— Transport Modes for Sludges. 



Type 



Characteristics 



LIQUID SLUDGE 
Rail Tank Car 

Barge 

• Pipeline 



Vehicles 
Tank Truck 



Farm Tank Wagon 
and Tractor 



TOO wet tons (24,000 gaV.) capacity, sus- 
pended solids will settle while in 
transit. 

Capacity. deteVmined by waterway; Chi<i^o 
has used 1,200 wet, tons (290,000 gal .) 
barges. \ 

Need minimum velocity of 1 fps to keep 
solids ip suspension; friction decreases 
as pipe diameter increases (to the fifth 

^ power); buried pipeline suitable for 

V year-round use. 



Capacity--up to maximum load allowed oh 
road. Can have gravity or pressurized 
discharge. Field traf ficabili ty can be 
improved by using flotation tires. 

Capacity—800 to 3,000 gallons. Prin- 
cipal use would be for field application; 



SEMI-SOLID OR SOLID SLUDGE 
. Rail Hopper ^Car 



Truck 



Need special unloading site and equipment 
for field applTcation. 

Commercial equipment available to unload* 
and spread on ^.ground; need to l evel , 
sludge piles if dump' truck is used. • 



5.2 ^ 



Commercial tanlc trucks are available, from companies handling equipment for sew- 
age ^and sludge handling and for liveistock manure, handling. Gravity discharge from 

* the tank -truck is most common. The rate of discharge and the area of application 
can be increased by using a pressurized -tank or a pumped discharge. ' ^ 

•" • _— — ; Storage- -—--y . 

' • * . ^' ■ . ' 

At some point in the system for handling sludge, .storage will need to he pro- 
vided:. It can occur at the treatment facility (xc at the land application site, 
fixcept for l^rge cities which may have limited space at the trjeatflWnt facility* it 
would normally be best to. provide storage at the treatment facility. This storage 
is necessary so that the. transportation will not be hindered by fluctuations ,in the 
sludge output. Storage is ^so necessary if a breakdown occurs in the transporta- 
tion, or weather ani% soil conditions at the application area prevent immediate appli- 
' cation. Storage may be praVided in the digester or aeration taijks for a short time. 
For longer term storage, a tank or ^lagoon is normally used. Public , acceptance of : 
storage tanks or lagoons at the treatment, site is*better than at the application 
site. 

Settling of suspended solids has been a problem in sludge storage units and in 
tanks when hauling liquid sludge over long distances. The agitation of sludge in 
storage units is necessary before transporting. It is best '^o minimizie the number - 
of storage. events in the handling system. 

, Application 
■ . ■•'^ ■ "■ ' ■ ' 

The criteria for selection of application systems and equipment are^dependent : 
upon several factors: the form of the sludge (liquid, semi-solid, or splid), the 
quantity, the areal application rate, whether a yearly application to the same area :^ 
or one application in several years, whether seasonal or year- rqund application, 
topography of the areia> and time of year. To prevent ruriibff, some states may require 
berms an4/or diversions to be formed, requiring land shaping. ' 

* Tw6 Ixodes of application are surface or subsurface: (soil, incorporatioti?) . The 
latter may be required to control odors of partially digested sludge. If large ^quan- 
tities of digested slijdge are being applied, soil incorporation may be necessary for 
a good public image. Table 5.3 indicates methods and equipment which can be used 

^for^uyface or subsurface application of liquid and-semi-solid sludges. 

Surface application may be done by two 'general methods--irrigation or tank vehi- 
cle. Experience has indicated that a fixed irrigation system, iit lieu of using port- 
able pipe, is easier to manage. Because of this, irrigation. will be bettej suited 
to a system which applies sludge regularly. It is_ possible to i'nclude sluj^e with a. 
treated wastewater irrigation application system. An irrigation engineer (agricul- 
tural engineer) should be consulted to design the irrigation' system. % 

1 ' . • ■ ■ " ■. ■ ■ . ■ . . - . ■ ' • ■ \ ' - ■ , ■ 

•Communities of .10,000. to 15,000. population have utilized tank trucks to apply . 
their sludge on farmland. The taiik truck pr6vides flexibiiity in when- to haul and 

'where to apply the sludge. Year-round application can be performed by selecting 
soddedr'fields for application during wet conditions. The use of a pujnped discharge 
on the tank (commercially available) will allow discharge over a wider area 'or from 
a roadway,, which may be impor.tant in an emergency. 

^ If there is the possibility of public nuisance from sludge application, and for 
greater nitrogen use efficiency, soil incorporation should be designed into the 
appIication-syVtem^ Eox-. special conditions.^or at particular seasons^ of the year 



TABLE 5. 3, --Application Methods, anrd Equipment for Liquid and Some Semi -sol id 
Sludges, ; • ^ - ■ . / 







tdpographical and 


Method - 


Characteristics 


Seasonal Suitability 



SURFACE APPLICATION 

Irrigation " . 

Spray (Sprinkler) 



Ridge and furrow 



Overland flow 



TankzJruck 



Farm tank Wagon and 
Tractor 



Large orifice required 
on nozzle; large power 
and lower labor require- 
ment; wide selection of 
equipment . 
sludge must 
from pipes/ 
com- y 



commercial 
available; 
,be flushed 
when irrigation 
pleted. 



Land preparation needed; 
lower power^quire- 
ments than spray. 



g Used on sloping ground 
with vegetation -with no 
runoff permitted;* suit- 
able for emergen^^.. 
operation; difficult to 
get uniform areal"" appli< 
cation. 

Capacity 500 to more, 
than 2i000 gallons; 
larger volume trucks 
will require flotation 
ttres; can use with : 
temporary irrigation 
^set-up; with pump dis- 
charge can spray from 
roadway-^nto field. . 



Capacity, 
gallons;- 1 
wiTl requi 
tires; can 
temporary 
set-up; wi 
charge can 
roadway on 



500 to 3,000; 
arger volume 
re flotation 
iuse with 
irrigation 
th pump dis- 
spray from 
to field. 



Can .be us 
land; can 
round if 
drained i 
suitable 
to some c 
grqwing s 
{aerosol ) 
occur. 



ed* on sloping 
be used year- 
th.e pipe is 
n winter; not 
for application 
rops during . 
eason; odor 
nuisance may 



Between .0.5 and 1.55K 
slope depending on 
percent solids; ^can 
be used between rows 
of crops. 

Can be applied from 
ridge roads. 



Tillable 
wi th row 
groundv 



land; 
crops 



hot usable 
or on soft 



Tillable land; hot usable 
wi th row-crop5-pr on soft, 
ground, 



-TABLE 5.3.(cont1nued)— Application Methods and Equipment for Liquid and Some 
Semi-solid Sludges. 



-Method- 



Gharacteri Sties 



Topographical and 
Seasonal Suitability 



SURFACE APPLICATION 



Flexible Irrigation hose 
with plow furrow or disc 
cover ' 



Tank truck with plow 
furrow cover 



Use with pipeline or 
tank truck with pres- 
sure discharge; hose 
connected to manifold 
discharge on plow or 
disc. 

506-gallon commercial, 
equipment available; 
sludge discharged in 
furrow ahead of' plow 
mounted on rear of 
4-wheel -drive truck. 



Tillable land; not 
usable on wet or frozen 
ground. 



Tillable land; not 
usable on wj^t or 
frozen -ground. 



Fanrv tank wagon and 
' tractor 

Plow futrrpw cover 



^1 udge di s charged i nto . 
furrow ahead of plow 
mounted on tank trailer-- 
application of 170 to 
225 wet tons/acre; or 
sludge spread in narrow 
band on ground surface 
and immedi a teTy plowed 
under— application of . 
50 to 125" wet tons/acre. 



Tillable land; not 
usable on wet or frozen 
ground. 



Subsurface. injection 



Sludge discharged into 
channel, opened by a 
tillatile tool mounted 
on tank trailer; appli- 
cation rate 25 to 50 
wet ^ tons/acre; vehicles 
should not- tray.erse v 
jnj'ected area ^r^ 
several days. 



Tillable land; not ^ • 
usabl-e on wet or frozen 
ground. - - • . 
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TABLE 5.4"Methods and Equipment for Application of Semi-solid and Solid 
Sludges. - • * 



Method 



Characteristic^-^ 



Spreading 



Piles or windrows 



Reslurry .and handle 
as in Table 5.3 



Truck-mounted or tractor-powered- box spreader 
(commercially: ay^^^^^ sludge spread evenly 

on ground; applicatidn rate controlled by over- 
the-ground speed; can be incorporated by disc- 
ing or: pi owi ng. 

NormaTly hauled by dump truck; spreading and 
leveling: by bulldozer or grader needed to give 
uniform application; 4 to 6-inch layer can be 
incorporated by. plowing. . . 

Suitable for Ton^ hauls by rail transportation. 



; Soil incorpoiration can be omitted; e.g. , cold weather or/land. areas located far from 
residences. Soil incorporation will require a. larger power unit to perform both till- 
age a.nd application simultaneously. . • V • - . 

.^Where^equipment is currently available at the waste treatment facility i^de- 
watj^r the sludge into a cake? land application in. a solid fbrra- may be the best option; 
If the sludge has to be transpiprted a long.' distance, economics may dictate dewatering. 

5.4 presents methods and ect^ipment fcft applying kludge to the::Soil in the solid 
fotll^ The^spreading method wpul(l^,geherally be preferred over the piling or windrow - 
ing- so that normal farm tillage* operations OJid cropping can follow. ^ 

yit is important to consider the land application sludges as part-' jt3*^^^^^^^ total 
treatment system. This means t^at not only is the selection and use of ;fsuit^bll«^ 
equipment important, .but also management of the total land application;;H5yi^t:ejtt^^ 
^i^ds operative.> '' in fact, without good managemeut'(i^e system will not. iintctioi^^^^ 

': A review.. Qfv the methods and equipment noted in this article will gi^^fe^^^^ 
.for select ioivij^-ljOT application system components as well as specific 

equipment*. ' . -^-^ ' V/'^S^. ■ * . ■ ' . r'^'^MM:'^ 
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^ , Section 6 M 

ANALYSES AND THEIR INTERPRETATION ' • 
for Wastewater Application on Agricultural Land 



Boyd.Q. €1115 ' Vv'^'i-^--:;^^^^^^ 



.1 



* Wastewaters may be generated by' municipal, agricuitux;al,\or industtial> waste 
"treatment facilities. Because of the nature of theirs origin, wastewaters a^e quite 

. variable and as such .offer a great challenge to the analyst. <> yaTiation in data may 
occur because of the method; utilized in obtaining the'^saraple or jfrom laboratory to 
laiborat'ory due to the use o£;different procedures. Recommendations made here should^ 

' be considered as the procedijire(s) that will produojlf^the most uniformity in i'data- and 
not as the only method possible or even the best Ifethod in some cases. Vi 

' _ > o . Sami?1e Collection ? . •.•V ^ V 

' ■ ■ ' ■ ' ■ ' ■. ' V ' ' '-.^ I . * 

The most critical stage in analysis df wastewaters is generally jLn.'obJtai^ 
representative saihple. Individual analyses require one liter (or qt.) 'pt :less V 
whicji represents a very small part of the tpta'l* flpw into or out of a/waste treat-. * 
ment facility. For this reason, it is recommendedVth?.t the minimum be lO; equal^tt^ 
ume grab , samples obta^j.ned over a. 2-day period; and cdmpbsited to give & single ^^^^^^ 
for analyses. Thl^f^j|^al,and common system Invplyes i^'toma 

samples in'^Jiroportian^c^^fl for longer periods --io^ tdSaie), oh'lsflLinpling 
is contaiiffeci ia ^k)rth "Centrar Re^^ 
■ • ■ ■ . X- , , ■ . '■ . . . ■ • . 

Preservation pf samples without some change in clibeiais try is almost impossibie; 
' consequently, analyses should be completed as soon as possible after tlie safliple is 
^ To keep changes in the sample to a minimum during storage, the guidelines 

b)^ the U.S. Environmental Protection Agency (11)' or American Public Health1> A^ssocia- 
^tibn (1) should be followed. It is important to note that a single metbp^i^if pre- 



k.jgiBrving samples is not adequatfe'for all analyses. ; 



Wastewater^Analyses ""^vU 

Analyses which are ^recommended in all oases prior to application of wastewater 
. V to land are given in T^J|^ 6.1. ^ Other analyses should.be made if the preseiiice .d| r^^. 
ceTtB.in materials (i. e.v^eavy metals) is suspected in the particular wastewl^terj.!; 

a knowledge ofVthe source of the wastewater is sufficient to idekt^ify^^^ 
^-'*'jt]^e9 analyses that should be made. Many of, .the ^procedures recommended a!r:evp||Bl^^^ 

in-i Methods for Chemical Analysis of Wate*^ and (11). Other alternativj|\;;ie^^ 
, ar^'^' found in €uidelinesifor Planning, and Coriciucting Wate^; Quality Exp(5riniem|ij aiv 
. jo%t:. report of ^NC-12 ''^hd NC^asj (19) and Sampling and'*Analysis of Soils, R|a) ' 
Waste/Waters and Sludges: Sug'gfested Standardization and Methodology, a puBl 
of Nd;118 (20). A • . 

' ''l-.^'ks in aStU analyses, analytical procedures should be constantly checked in 
laboratory Ijjr/the u5>e of carefully prepared standards jwjxich match the matri^'-^^' 
the samples being a^rijlilyzed and byi cross-checking j«fith Standard SiS^ 
.* tween laboratories. C'^^'^'^jf - /ik 

. ' Int'erpretatidn of Data ^ 

Any of the parameters listed in Table 6. 1 maiy. limit the. quant 1^^^!^^^ 
that • may be*, applied to a particularvsite.. In general, the para^li^r:^^^^ 





.E-.;6il-!^^^ Analyses and Procedures for Was t0wate.ri^ Used-'ih . 

:>^Wastewjrter>-A^fi^^ -to Agri cul tural Land. .' . " 



; H?afarneter 



Rfeconiuended . 
for Artalysis 



BOps 
COD 



Yes 



% total solids 



Conductivity 



'. I • •••• 



If suspected to. be^igh 

If high soluble salts arej susp.eptecl 



"EPA, (11 ) 
EPA (11) X 

EPA!v(1:1:):V;U^^^ 



Iff V-PH - . ■ ;■ , ,.. 
;:-j.v?;v^,>>^ (nitrogen) 

:: ' Cr' (dhloride) 
K"^ . (jDOtassTujn) ■ 
Ca2+ (calcium) . • 
Mg2+ (magnesiiitn) 
Na"*" (sodium). 
Heavy metals : - ' , 



Yes , 
Yes ' . 
Yesr.:'- 



Yes 



Yes 
Yes 



r:5^^ B; (boron) 




Pesticides. 

I ndtfstrival organi cs 



jf./tqtai^p"is^'ii^gh;F':v^;^ ■ ' ^■ 

If conductivity exceeds v^S'O ym^ 
at 25^ t. . ^ 

. ■ ' ' . ' ■ 

If conductivity exceeds .2$.0vym/ cm 

If conductivity exqeedis^^25Q"::)^ . 
, ■ at 2S^ C . ■ ' ■ 

If conductivity ex9eeidi::^i266^^p^ 

;. . -at ^5*^ c. * .. :.■ ■ r'^xB-^^^^^^^ 

If contductivity exceeds -5^^^^ 
^ at 25^ C. ■ : ■ 

' Iff:;ffOurce of wastewater includes 
^^■ j^diyy metals ' , ; 

Municipal effluents and if suspected 
ia.others . .. 

If ^$^^ected-;>Sv'>^^^^^^^ 

If suspected v'i; 1* ^ • 



6piv^(ity y ^''t 

EPA (lV)i Black (4) 
EPA (11)* .^^M . 
EPA (11) 

(PAMll); BlacR'(4) 
EPA. (11). 

EPA (11)* : 

EPA (li)i Black {4)| 
EPA (1 1) 
EPA (11) 
EPA '(11) 



.•->^ 



■ s 



EPA; ,(^|1^ 7 

FWePM+ (1975) 
^EPA (22) . 



■r. 



Electrode methods may be used taP the, quahtity is greater' than 10 ppm N as Nt}r 
or 10 ppm?Xri.-.v.' , ■ ■ ■ ■ ■ ■ ^'-^yp'' - -^ s: ' » ^. 

^Federal Working. Group on Pest Management. 1975." Guidelines on Analytical 
Methodology for Pesticide Resfdue Monitbririg, Pesticides Monitoring Journal., U.S. 
6overnmqnt/|?rinting Office. .. ; . v, ,,' 
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) 



to influence -«th'e short-term performance of a land application system are water, sush. 
pended so lid§~, readily decomposed orgaijiQS (BOD5.), nitrogen, and total salt. Para- : 
meters which may be critical in limiting th45 numbers of . years a particular system 
may be used include phosphorus, . heavy metals j and industrial organics* A discussion 
of individual parameters fj?:l lows; ■ 



Water 



■^'Wjtltvt^^ the- bio'logical environment at considerably higher rates. U.e. , bO . 

■[Kp^-to year\, The.so^ may pose definite limitations upon the quantity . 

/^•|t?$;Va^^ be applied. (For a discussion of this aspect, see Sections 2 and 

. ■ ^ ' ^ • ■•■ ■ ' : ' ■■ . ^ ■ •• ^ 

jgttgpfeij^ieasg^lids and BOD * - ■ ' ■ . - - 

^ solids and. BOD are generally low in secondary effluents but may be 

qiiji^^ hig^^^^^^^^^^^ or other industries which process agricuT- , 

tuxiaul:*^^ prodlicts,'. Infiltration cai)acity can be lost by sedimentation and ^ 

s|isfe^ and BOD loadings exceed the respiratory capacity 

oif imiTS^^ decortipdse organics filtered out at or near the soil 

surfaceiVvii'^^^^^ is overloaded with' BOD, anaerobic conditions will 

develop, '^^IseVerfe bafor and insect prpblems can result. At moderate rates of ap- . 
plication, 'tiiie ^^^ organics which give rise to BOD can augment the 

vegetative caver in supplying energy for denitri'ficatioh and structural carbon for 
immobilizing nitrogen and other pollutants, 

• • • . r. ^ . • ' • 

Ni trogen \ . ' ' 

Nitrogert.V;)ln th^ nitrate form is the critical form of^nitrogen because of its 
solubility arf^^mobility in water, its stability in groundwaters,, ap^i its implica- 
tions for eutrbphication and for human and animal health. The' other miijgral forms 
,of nitrogen <are . ammonium arid .nitrite. All three are xeadiiy taken up by>-|il 
Ammonium and nitrite are converted (nit^ified-)i^quickly to nitrat|t* in .moderately 
well-aerated soil,- Under poorly aerated conditions and in the ^ices^^ce of rapidly 
decomposing organic matter, rdt^ate and nitrite are reduced (deni^ffied) to gaseous 
' ■ • f (Jrms vijfcaiih recycle back into.'^t^e atmosphere. Both nitrification amd denitrifica- 

tion 'arj^ biological processes ^^arried ^ui^\*y microorganisms which are not very acti^ 
at temperatures below 50** F, .| ii^: J / 

•As much as one- third of the organic^^'liitroge.n ^pplt^ in waStewaternmay be re- 
• leased '(mineralized) as ammdni^ and nitrified to nitrate the first year. The re- 
. ,mainder will be rej^ained (immobilized) in residual humus. The humus w| 11 continue r' 
to decorapo^se and''#4^fe^^ mineral forms of . nitrogen and other nutrients in suteequ§nt ^ 
^ years ,-:;bujt ^ reduc^^ rates, the rates of initial and residual release 

' ,3xe i^d'vici^^ in the presence of rapidly decomposing carbonaceous materials (BOD) 
which rtay be added as wasted 05? supplied, -.by roots and surface trash from the vegeta-^ 
tive cover. ' V ^ 

' . ■ ■ ■ ■ p 'y^' ■ \ '''-^ ' • ; ■ 

. In overland flow systems, nitrogen may not be a critical loading parameter 
since the objective, frequentily, 'Viil be to ^obt ain partially renovated water for 
: intermediate use rather than for iischfiTgeT^'^^rTr^^ systems, inputs 

of fii trogen should not exceed the <3:apicity dt the .vegetation to take it up, plus 
' some allow^ince for denitrification add immobilization, ff no crop is to be har- 



ERLC 



vested, .^SQine arbitrary liinit-:'»-perhap5 no more than 50 lb. per acre pea; year--should 
be set initially arid adjusted as indicated by monitoring experience, V . 

. /.VV'I^^ harvested, annual inputs of nitrogen should not exceed by more than 

§0%.;.tlie antic^^^ removal at yield ^^als which past experience indicates 

cai^i^'b^^^ soils with/good m^jiUgement (see Section 7) . /This quantity 

is a function; Q^^^ rate bf application. An example calculations^ 

is given ■'belovlry-rv' ^ ' ■■ - ' ■ • ■ ^ 

'■■'■'•^''v^'v;--', , • ■ • • . ' ■ ■ - ., ■ ,• * ■.,■■■•>■■ 

Problem: . Wastewater \W*^^^^ 12 ppm N a s NHj- arid 8 ppm N-^s NO^ is to ^e applied to a 
' com crop with' an expected yield of isO bu^/a;cre. 

. ■ . ' ' ' , ' " - ■ ■. ■' ■' ' ' ' ■ . ' 

Question: How many acre inches of wastewater may be applied, during the growing . 

season? * 

• ' ■ -r^ • • . ■ ■ ' ' ■■■ • 

Calculation: 150 bu. of com will remove approximately 11^; Ib./acre of N;/ thei:e- 
fore, no more than 125 x 1.5 = 187.5 lb. of N^Jjiif y bfi 

* 1 acre inch = 226.512 lb. .of water. . 

; - Therefore, PP"^ N = 4.53 lb. N/acre inch. 

^^^•^ = 41.4 acre inches of wastewater maximum. 



4.53 lb. N/^creinch 

Little nitrate removal vis expected during periods when actively growing vegeta- 
tion is not present. Consequently, any level of nitrate exceeding: 10 ppm nitrogen 
would be considered a seridiis hazard an wastewaters applied to biarren land. !J$'0\i^4se 
of cover crops might^^w^^V the successful application season on^many tr^aitfi^t 

•site^. , . . '■■^f:-:^'^ ^ ' - . . • ■ 

* ■ ■ ■ 'ife'-? ■ • • . -^v^ . ■ 

High Rate t '^'^ 

• ■ ■ ■ ' -i i'"'* * ' ■ ■ . ' '■ 

■ ' . ■ . li-, »■ 

.... 

Nitrogen application rates for high' rate infiltration percolation systems are 
dependent upon the magnitude of denitrification and dilution within the aquifer. 
These parameters will be highly site dependent and cannot be d|«,ciussed in a gener- 
alized manner. ^ ' 

Phosphorus 9:^^;? 



Pho^horus may be a key element '*f6f the ''success of a land treatment system- Wh|5n 
viewed over the. long term. It can be utilized by crops and adsorbed or preciji-i^i^'ted 
by the soil. "^Both total phosphorus and soluble orthophosphate determinations, 
necessary for prgrp.er interpretation of .data from wastewaters which are to Ij^p.;^^ 
to land. Within*- at' few days (or weeks), al.1 of the applied inorganic con(i0i^d:y , 
phosphateis should be converted to soluble orthophosphate. Orjg^lc phosphorbsrlnay 
be mineralized more slowly, but ^|)Ould be retained by the so|3,?'^iitil converted to 
orthophosphate. If the conversioricto soluble orthophosphate %cfc^urs, wastewater may 
be applied even without an actively growing crop with little danger of immediate \. 
loss to the drainage water^^^^^ phosphorus will be- adsorbed by the soil, and a por-ff.^^: 
tion of it Will subseq!jiej^$^y' be removed by cropping. Soils from eac^ particulaip 
site>*$hould be examijied with respect to their ability to adsorb phosphorus. 

Due tOplimited contact between wastewater and soil in overland flow systems, 
phosphate is inefficiently removlsd and runoff may not be of a quality that can be 
directly discharged into surface waters. .j^ f 



TABLE Appl i cation' Related, to Soil 

,Textupe;and^thj^!Ab'iTl^^^^ to Adsorb Phosphorus,* 

■ Soi^^^^ Rate of Application 

• V T^v:^:*^'^ ' - ' / . acre inches/year 

Siity clay' to clay 4^ • ' ■ 6d 

. J '^ -'ijb^ ' - " ' ^ . V/-^ . 53 , .■. 

, > Sandy loam J> '.■ | ' . 40 

::rloarT\y sand'.; ' ' 45 % 

Sand V ' . .40 



, *Assume 7 ppm total phosphorus in the^ wastewater and a crop removal 

- of 25 lb. phosphorus/acre/year, with' a 50-year expected life of the - 
system. Data from Michigan soils* - 



Soluhle Salts ' f , 

'Soluble salts"^ene5?ally will "not accumulate in the soils of the North Central 
•tlegion since precipitaltaToife^^ Fafl, Winter, and Spring. will ;:emove salts 

by leaching. This is not trii^in the arid or semi-arid areas of the United States. 
In local situations, salts from special industries or from use on city streets may 
jfive rise to abnormal concentrations in sewage or storm waters. Further^ concentra- 
tion of salts occurs in' soils by evapotranspiration. In soils which do not transmit 
rainfall and irrigation water rapidly enough to keep salts moving downward through 
the root zone,usalt injury to.' sensitive crops can occur if wastewater containing 
more than 1250 ppm dissolved solids (electrical conductivity aboutV2.b mmhos/cm) is 

applied regularly during the summer m6nths. 

■ . ■ ' • . " ■ ' ■ ■ *■ " 

Sodium Adsorption Ratio (SAR) 

Sodium adsorption ratio (SAR) may be an important consideration in the use of 
wastewaters even though Na . (sodium) , K (potassium), Ca (calcium) and Mg (magnesium) 
are not frequently a problem in wastewaters. A calculation of SAR values should be- 
made according to the following equation: 

■ ; ' Na , 

, SAR = y . CLiM . 

An example of this calculation for a typical wastewater is shown below: 



Problem: A wastewater is found to have 150 ppm Na, 75 ppm Ca, and 20 *ppm Mg. 



I. • ' * 



Question: What is the 
Calculation: 



SAR' 



' Wa^stewaters with SAR. values greater than 15 should be avoided because of their 
detrimental effect on soil structure and ultimate reduction in the infiltration rate . 
of the soils. Sodium* adsorption ratio values from 5 to 15 can, over a period of years., 
le^d to loss of structure in soil horizons containing more than 10 or 20% 5>lay (loam 
or finer textur^). Lower values are generally satisfactory, although long term' de- 
clines in infiltration and percolation capacities have, been observed in moderately 
' fine-textured soils when irrigated with water having SAR ratios as loW as 3. 

Mi cron u tri entst> . . 

* . ■ ■ . ' . • ' • . . . ' • 

Micronutrients and metals are expected to acciomulate. in the sliidg© and not in the 
wastewater. Boron i-s a notable exception to this. It is likely to remain in the 
wastewater and move with the soil water. The toxicity of boron is related to plant 
species, with the most sensitive crops ^sjiowing toxicity at 0.5 mg. B/1. Semi-tolerant 
crops may show toxicity for levels of 1 mg. B/1. or greater.^ In some soil situations, 
plants may actually benefit from low concentrations of boron in wastewater. The 
same may be true for iron, manganese, and zinc. . . I 

Organic Compounds ^ 

■ • • ' , » ■ ' • . • ,. 

^ ' Organic compound* are found in wastewaters. Pr^treated wastewaters contain 
"\ natural products of partial decomposition and resistant synthetic compounds Vfhich 
have detergent or chelatin^^ properties and can enhance the mobility of potentially 
*toxic trace organics and metals. KiiOwn organic toxicants which persist in waste- 
waters from conventional sewage treatment include a numb ei: of pesticides, chlorin- 
ated plasticizers, fir-e retardants, and other industrial chemicals. Most are strongly 
adsorbed by^ soils and .are subject to slow decomposition or alteration to harmless 
' ' products. They may posa an environmental hazard in special situations, particularly 
if water is allowed to percolate too rapidly through the soil. Sources of such 
chemicals should be identified and regulated to avoid excessive concentrations in 
wastewater that is to be applied on land where discharge into streams or lakes might 
occur. . . 



Boyd/G. Ellis is Professor of Soil Chemistry, Department of Crop and Soil 
.Sciences, Michigan State University, East Ldnsing, Mich. 48824. 



SAR for this effluent? 



ISO mg Na/1 
23 mg/me^Na 



/ 75 mg Ca/1 + 20 mg Mg/T ^ 6,522 ^ ^ 
■ y 20 mg/meCa 12 mg/me Mg 1.64 ^' ■ 
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Section 7 I • 

CROP AND SYSTEM MANAGEMENT ' ' . ; : . 

, for Wastewater Application to Agricultural Land 

• Arthur R. Wolcott and Ray LT^ok . 

' Land application may be viewed as an alternative treatment method or as an 
intermediate use for wastewater at a stage of renovation which cannot be discharged • 
directly into surface streams or lakes. The two views do not oppose but support 
each other. The^need to remove nitrogen and phosphorus from wastewater presents the 
opportunity to use these and other waste nutrients to upgrade natural landscapes or 
to support production of econoMc cropsv, In turn, beneficial responses of vegeta- 
tion to added water or nutrieijts can contribute to the cost effectiveness of treat- 
ment. • 

The choice of land application, as a method for treating wastewater will be in- 
fluenced by public policies and attitudes, funding 'incentives, and regulatory con- 
straints which are described in other sections in this publication. Considerations 
in ,site selection and system design also are dealt with in other sections. In thi^ 
section, factors which should be cdns^idered in selecting vegetative covers and 
principles for management of was^tewater application sites are discussed. . . 

Selection of Vegetative Cover : " - 

The selection of vegetation to receive wastewaters caimot^be considered inde- 
pendently of the sielection of site or design approach. Consideration must be given 
to .;the hydraulic capabilities of soils and terrain in reiatiop to natural hydrolog;ic 
systems or to* hydrplbgic systems which can be imposed on the site by engineering; 
Climate will influence decisions regarding site, design approach, arid vegetative cover. 
Economic or other advantages associated with a given type df vegetation , or a given • 
resource management system must be considered as well. ' '^'^-^^'^'^'.-'a'^ 

Influence of Water Application Method ' '>4-;^^;^^ ^ , 

The widest latitude in> choice of vegetative cover is affoifded byyiow-rate irriga- 
tion (2 to 8 ft, per year). Low-rate irrigation on moderately peirmeable soils and 
slopes of 0 to 6% has the greatest potential for environmental benefit and economic 
return of any design approach. Options for vegetative cover and resource management 
systems range froni public and private landscaping, greenbelts, wildlife habitats, or 
commercial forest plantings to agricultural and horticultural crops. Perennial or 
annual species can be considered, including intertilled crops. . , 

In the case of crops grown for food or feed, the appficiation af wastewaters 
which originate in livestock operations or municipal sewage s;ystems will b^ closely 
regulated by state, health authorities and marketing agencies. Restrictions on use 
of wastewater will vary with the crop and from state to* state. ' 

For effective renovation by low-rate irrigation, the. wastewater rm^t enter and 
percolate through 3 to 4 ft; of the soil profile. This approach^ may not be feasible 
on slowly permeable soils whiph will not accept and transmit at least 2 ft. of water 
pier year. On such soils, substantially renovated water can be obtained by overland 

•flow. v^.^ • ^ . 

-^■J • ■ ■ ■ , . ■ • ■ ' • • 



With suitable engineering, numerous crops can be grown in overland flow systems. 
On grass or forest cover, as much as 20 ft. or mo^e of wastewater can be applied 
annually. . 

•Vigorous, water-tolerant grasses which form dense sods are ideal for high rates 
of application. Reed canary grass {Phalaris arundinaceae L.) and tall fescue 
{Festuca eidtior L. , var. arundinaceae) appear mOst promising under climatic condi- 
tions in the North Central Region. Reed canary is slow to establish itself from 
seed. An established grass in old fields in many cutover areas is qua^kgrass (Agro- 
pyron repens L.>. Qq,ackgrass rivals reed canary in production of tough, interlacing 
rhizomes to bind the soil and carry heavy equipment. ^ 

All three of these grasses are highly productive under continuously moist con- 
ditions . However, they lose .palatability rapi'dly as they approach maturity and must 
be cut two to. four times a year to produce. -Jiay or silage acceptable to livestock. V 

A more palatable grass adapted to moist conditions is timocthy {Phleum pratense 
L.). This is a buhchgrgLss, not a sod former. Improved strains , are highly producr . 
tive and are readily established from^eed. Timothy, seeded alofie or with water- 
tolerant . legumes such a,5 ladino clover {Trifolium repens L.) or bitdsfoot trefoil 
' (lotus corniculatus) , can be used to provide productive ground cover quickly. Reed 
canary drilled: at the same time in widely spaced rows (3 to 4 ft.) will normally 
spread, over a period ipf years, to dominate the stand. 

In areas of the Wes?:^!^^^^^ conditions and diseases associated 

with high humidity are iipt^ a prc^^ forage legumes such as alfalfa may provide pro- 
ductive cover. . '-'r ^'Iv^'' ' " 

InfXuence of Wastewater';\Analysis . ^' 

•Ijj.-Wst iocalitie^^^^ wastewater will be required to approach standards 

for sVcbfVdar^-n-r^ it is applied on land. Standards for wastewaters 

frQni;Vcft).i rpt^^ fdcid* processing will be less strict, although primary treat- 

ing t^na/rb or coarse solids which might clog distribution 

•ciinf s^/or-' 'spt^ ' 

"■• '\^..y'\^ V;:; • ^-^ '•'"'■.X/' ■/ - 

• Often the conceiitration of nitrogen left after these treatments will /determine 
the rate of wastewater; appilication. !^The nature-'of the vegetative cover will be a 
critical consideration, since the important processes which can remove nitrogen de- 
pend on plant activities and^ plant products. - 



' The fate of phosphorus is less dependent on vegetative effects. Nevertheless, 
' removal of phosphorus by plants will help to extiend the useful life, of" soil minerals 
which adsorb or precipitate phosphate. Other nutriepts in wastewater are of concern 
mainly in terms of the balance of nutrients needed for vigorous plant growth. In 
special cases wastewater loadings may be limited by constituents which are toxic to 
plants, livestock, or humans. 

Nutrient: Removal Capabilities 

If wastewater is applied on vegetation which is not to be harvested, relatively 
large acreages may be required to provide adequate renovative 'capacity. Under con- 
tinuously moist conditions, accumulating masses of dead and dying vegetation can 
intercept oxygen needed for normal root function. The' excessive, demand for oxygen 
can lead to loss of infiltration capacity. Odors and insect problems also may be 
r*'aggravated. Grasse^.^nd other succulent vegetation should be clipped two/or tnree , 
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TABLE 7.1.— Harvested Removal qf Nutrients for Selected Cr6i5S^;;and Yield Goal?,;* 





Crop Yields euid Nutrients Harvested* Lb./Acre 






Nutrient . 


Corn 
Grain 


Corn 
Silage 


•"Sm^at 

Grarhd 


Soybeans 


Alfalfa^'. 
Brome 


Reed 
Canary 
. Grass*! 


• Ijarawooa rorest. 
' "(Annual Uptake, 

1 jLO./Mcrej 

'.'•V* ■ ' . • . 


Yield 


. 1 50 bu..;; 


.'.^.^25 -T;;.. 


* 60 bu. 


35 bu. 


' ^.5 T. 


■■ 5.'5v? 




Nitrogen 


125. 


165 


72 . 


iV20 . 


* 220 


:/4^?;^|;. 


:84 ■• 


Phosphorus 


.22 


,30 


13 








8 • 


Potassium 


28 


150 


14 . 


■ 36, 


166 ' 


■247 


26 / 


Calcium 


■ 3 


45 


2 






44 


.22 


Magnesium. 


10 V 


'I 30 


'4 






40 


... 5. ■ . 



Ellis/B. G. -et al. (10) 
+Sorpper, W. E. (26) 
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times a season to stimulate new growth and avoid excessive acciimulations of ve^et^a.^;. 
tive debris, \ ' ■ \. ' ■ ■■^^■'^-^ 

Nutrients which are not;!;^ the site by harvest of vegetjaitjLp^^ 

products will tend to acciimulate jln;"^^^^ system. Some nitrogen, will/?bi^^^^^^ 
denitrification, perhaps 15 to 5rf% if!: do not greatly exceed}^i]^^^^^^ ^ ■ ^ ^ 

quired for optimum plant growth, ) Nitrogen and phosphorus whichV4re^Jip?ftit^ 
standing crop, detritus, and residual humus must be re^ckoned .witi|K;as^ potential sources 
of soluble nitrate ai}d phosphate at some time in the tuture. y ' 

, The effective life of a system can be extendied by removing some of the applied 
nitrogen and phosphorus in harvested crops. Frequently the first consideration will 
be to optimize harvest of nitrogen (Table 7.1). 

In general, agricultural crops produce more harvestable dry matter with, higher* 
nutrient content, than tree species gfipwn for 'timber. Largie harvest removals can be, \ 
achieved with' perennial legumes and grasses if they are cut frequently at early • V 
grpwth ?tages when their i\utrient content is high. It should be recognized that • V 
legumes can fix all of the nitrogen they jieed from the air, but they are active 
scavengers for nitrate if it is present, as well as for phosphate. 

■■■ . : ' ■■■ ■ ■ ■ ■ . ■ ■ ■■ ■ ■ ■ ( 

The potential for harvesting nutrients with annual crops is generally 
with perennials since annuals utilise only part of the available growing seaso' 
growth and active uptake. . 



experi 
mates 
trash 

soluble nitrogen during periods when no actively growing crop. is present 
supply energy to support denitrification. - V'^'*- '^'H V'i^ 

For design purposes, the overall capacity of a crop to remove nitrogen can be^ r^^^^^^^^^^^^^ 
estimated at 1- J/2 times the expected, removal by harvest. If vegetation or plaht 
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products are not harvested, some arbitrarily loWer figure will need to be used. 
Actual rejirbvals will vary With many factoris o£ site and management and can only be 
determined by monitoring in the operational system. 

potential Toxicities • ■ 

'NiiiiTnally, micronutrient imbalances 'oi: metal toxicities will not be a problem 
with wastewater. In fact, low concentrations of borori, iron, manganese, or zirtp may 
be beneficial to plants on« some soils. . Increased uptake of cdbalt, copper, molyb- 
denum, or zinc into foir.age may benefit livestock. f . 

Boron toxicit);;. can occur in some Situations since this element tends to remain 
in solution thrpu'gll\:S6dimentation, filtration, and biological treatment. If the 
wastewater. contains more than 0.5 ppm of boron, local agricultural authorities should 
be consulted regarding tolerant crops which might be grown. If the concentration . 
exceeds 1.0 ppm, it may be necessary to identify and regulate sources of boron in 
the waste collection s/stem. 

Unusual concentrations of organic toxicants (pesticides, industrial chemicals) 
also will Heed to be regulated at their source. 

Certain hazards are associated with ensiling or with indistriminate feeding of 
forages maintaiJKed at excessively high levels of nitrogen nutrition. Abnormally High 
concentrations of nitrate cani^'huild up in com, sorghum, and succulent annual grasses 
if growth is slowed suddenly '^by drouth, ^ c or extended periods of cool, cloudy 
weather. Nitrate poisoning can result if such roughages are used as the principal 
ratioh for livestock. Jin the silo, nitrate can oe reduced to nitrous oxide, a poi- 
sonous gas I Which can gifee a serious hazard to persomiel for reveral weeks after sil 
filling. '\^: '^^ :.'};:' ^-^^ 

'.■''} . i ^ ■ ■ • 

Grass tetany (migi^eslum deficiency) and fat necrosis (intestinal ttunors) may be 

-enpountereci where cattle are pastured on grass receiving high r&tes of nitrogen. 

Grass tetany is ass ociated with high inputs of potassium relative to magnesium. ; Fat 

necrosiB^.has-bee?P%ound only ori^heavily manured fescue pastures. 

Excessive nitrogen ca]n ' cause lodging of cereaj. grains and* reduce the process- 
ing quality of crpps- such as' sujgar beets and potatbe -No toxicities are involved^ 
but such effects must be consifaered if^ythqse^^^^^ are.yto be grown and marketed 
•successfully. i'^^i ■ ' 

Siisceptibility to Dise^sS'7!>!t InsejctrPests -^^^^^ • '^'JS^^-f^i^- * . 



A niinnber of/plant (Jiseases by moist 

soils or by atmospheric hiimidity assbciated^^^j^^^ The geographic 
range and hosi plant specificity:.,qf,rt pest^^^^^^^ 

to a given pest can be enhance<$^|i^^^ experiment 
stations and other local authoriti?,^ i^^ p^st prob- 
lems might be anticipated and '^fe^identify plant' 's^ which §ire use^ . 
fully resistant. " - ■ " ■ a--^^-- ■ - ' 

Climate^ Soils, Topography ■ /v: ' 

, Native plant species or crops whose culture is we li; established in the general 
*area of the land application site are the most likely choices for. vegetative cover 
since their adaptation to local climate and soils is known. With adequate water arid 
nutrients on well-drained soils, any crop can be grown which is climatically adapted. 
The availability of water vjill permit economically valuable species to be grown on 




FIG. 7,1. —Scrub oak and sparse nat|'^i|rasses . on- • drputhy*' • cutoyer ' 1 &hd in north- 
ern Michigan, feplaced (see Fig. 7. 2^pt»y coi^ irrigated with municipal wastewater. 
Photo by R. L. Cook. ". , . * 
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FIG; 7.2. --Corn is a good can^icfsitfr^ wi th wastewater. .Adapted} hy-. 

brids. with tolerance 'to impoi^.tanti^^l^^^ pests are available for most 

areas in the North Central Regi 6^ Cook. ' 



•drouthy soils, so submarginal areas can be upgraded for mpre intensive uses XFigs. 
7.1 and 7.2). '■ '■ 

•;, •■ . .• : ■ ^ /; ••.>.■ 

If it is necessary to apply wastewater frequently on slowly permeable soils;, the 
choice of cover may be harrowed to grasses or forest,<sgecies/ On rolling land sub- 
ject to erosion, year-round protection should be provided through use of perennial 
species or by fall-planted winter covers and trash miilch systems of management where 
/cultivated annual crops are grown. ' . . 

Cropping Patterns .. . * ! >: 

Operational efficiencies can be realized through specializing in the 'production 
of a single crop for which there is a reiady local market, or two oir three crops which 
require similar fie:ld equipment and handling facilities. Corn iand sorgjiums are canr 
didates for single cropping because available hybrids cover a wide-range of climatic 
adaptation and tolerance to disease and insect pests. 

•• ^ : . ■ : ] J-.. 

•Monoculture promotes the build-up .-^^^^cific diseases and. ins Many crops 

cannot be grpwn in successive years in the same field for this -reason. Rotation of 
crops interrupts the normal life cycles of host -specific pests arid he Ip^ to keep ^ 

theirs numbers low. , 

•1 _ .. . . ■ ■ . . ' ' ■ ' ' 

Rotation of crops offers benefits in addition to pest control . Rotations in- 
volving cultivated and sod crops, will help 'to maintain or improve soil 'structure and 
the ijifiltration, aeration, and adsorptive capacities .of the soil. On soils with 
tight subsoils, improvements in inlternal drainage can-often be achieved by growing 
a deep-rooted legume like alfalfa or sweet clbver from time to time. Irrigation may 
need to be discontinued for a season to perait such crops to develop their character- 
istically deep root systems; V 

■■ " ■ , . • . . ■ ■ . ■ ■ ' 

Double cropping— soybeans or silage corn after winter wheat or barley, for 
example— may be feasible where the growing season is long enough. The accessibility 
of irrigation water helps tp assure quick germination and rapid seedling development. 
These are essential if two crops are to be harvested the same season. With, suitable 
short-season varieties and good management, the potential for harvest removal of 
nutrients and for economic return is substantially greater than with more productive 
long-seaspn varieties which produce only one harvest a year. The system also pro- 
vides year-round soil pifotection by vegetation and decomposing crop residues. 

.. Other Considerdtions . j . 

Numerous other factors must be considered in selecting vegetative covers for 
land application' systems. ^Since large acreages may ibe involved, the established 
agriculture* of the area and available skills, equipment, storage, handling, trans- 
port, arid processing facilities aire of prime importance, as well as the market 
potential for crops which might be grown. ^ 

Regulations of state or local agencies may determine the quality of water or 
the schedule of irrigations which can be used on crops for human or livestock con- 

. Sumption. Availability of land or considerations of cost may dictate high irriga- 
tion rates and the selection of water- tolerant crops or otfeer vegetaticm, or these 
same considerations may lead to selection of native vegetation on siibmarginal land 

o where wastewater can be applied at low rates or at sporadic intervals. 



■■ .^■ ■ ■ ■•. • '"^^^^5^?:^:'^^y' ■^:Vi•3/•^^ '■ . ' ■ • ' . * ' " ' • 

■ ■■ ■ ■ . V. ' ;• ' ■>^*>:.^f>;--:\/ ■ • ; ■ •. ■ .. ■ 

' . Management of ;%stewater Application Site^ ;!g^^^ 

■ ■ '. ' ■ * ■ ' ' 't\ ■ ' ^^•^*'■■'^•'^►^ii^•>^ ^- '• 

Under* provisions of the 1972 amendments to the Federal Water PpIJ,utioir_Control 
Act, areas used for land application of pastes will be regulated ^s "ni6n-point" 
sources of pollution. For this reason, they must be •matiaged as an integral part of 
th6 total waste renovation system/ The prim^ ectiv.e must be to produce reno- 

Vgl'e.d water meeting* federal and state s|i:'^^ surface discharge, grouncJw^ater' 

repiarge, or special intermediatfe. use^i^^jJyA^ 
realize economic or other benefits ^ffi^Clii:!^^ credited against the cost Q #^^i?^atment; 

Timing and Rate of wdstewa^^xi-^^jf^pplication 



Water suitable for groundwater recharge or for surface discharge"^; U;nCi§'fdrain- 
age can be i obtained by low-rate irrigation. Applicationi^jr^tes shouldLjicilif^e^^ the 
soil's capacity to accept water without runoff or withouttv:f)onding for mpif;^:ti^ 
hour or two. Instant aneo.i^sWates on intertilled crops should not ejfc'eed--^^^^^^ , 
per hour on loamy sahds or 0.1 inch per hour on clay loams.. Somewhat higfi^^'^inten- • 
sitiesfmay be feasible on -grass or forest vegetation. To avoid excessively^ rapid 
transit through the soil, the total application ^^hould not exceed 1.5 to 2 inches in 
a 24-hour period--even on soils which /Will accept more water. > 

'Weekly loadings and irrigat^ion schedules should allow sufficient residexice 'time 
for waste constituents to interact with soil systems and plant roots.— On permeable 
soils, up to 4 inches of water per week (including rainfall) may. be feasible during, 
summer and early fall When evapotranspiration Is high. At other times,** treatment- / 
effective loadings will be much less because of precipitation surpluses and reduced . 
biological activity. Wastewater containing high concentrations of nitrate should 
notbe applied on cold soils (below 50° F.) when vegetation is dormant and^denitri 
fication occurs slowly or not at all. . _ 

Winter irrigation of cultivated cropland should not be considered* in the -iiorth- 
•erntier-of states in the North Central and Western Regions. On grass or forest^ 
vegetation, wintei* irrigation with low nitrate water at reduced rates may be feasible, 
except during very cold weather or when soils are frozen. .. ^ : 

Ir^rigation schedules should allow for resting periods between applications for 
drainage and aeration of the root zone. Thi^ is commonly achieved by irrigating 
every 2"to 10 days. Longer intervals are required during cold weather than at :nor- 
mSl growing season temperatures.' Oxidizable organics (BOD) applied with wastewater 
can build up in surface soil to the extent that infiltration and aeration are inter- 
fered with' and anaerobic conditions develop which are conducive to odors; This is 
frequently the factor which determines how often processing wastes high in BOD can 
be applied in/low-rate irrigation systems. In cold weather it also can be a factor .. 
with wastewater pretreated to^'reduce BOD. I 



4 Rapid infilt.ration is not essential for <txeatment of wastewater by overland 
flow. Some deep percolation can occur, depending' on slope and soil type. However, 
the main flow of water iS;downslope--over the surface or by seepage ^through upper 

. soil layers. SuspendecJ. solids are filtered out on vegetation, litter, and soil. 
Thus, they are distributed over a very large surface Srea exposed to the air. BOD 
is dissipated rapidly, 'even at near- freezing temperatures. .. Effective residence time* 
c^n be achieved ;oTi'^/jni form slopes of 0 to 6% with downs lope ex£;>sures of^O to 200 
fe^. v Daily applications can be made, except during rainy weather. . During cold 
weather^ applications may need to be less frequent or 'discontinued if soil and litter 

.iare frozen. ^. 
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Nitrogen cjah b^' fmpve^^^^^ effectively by oyerlan^d.^^ below 
SO®,F.., however, fiittfate 1r the pa$;s^(tWou^^^^^ unaltered since 

very little wil^ be taken up by th^ veget^tjon or tbmovdd "by Much : 

of the ainmqniiira.?and organic nitrogen filtejred out from winter applanations may ^ r 
released^^'^pi4iy as nitratp when biological activity resumes in -'Ihev^^^^ Pftos- " . * 

phorus i$. renioVed less e^fe than nitrogen. Runoff from overliarid, flow may ^. ; ' 

not meet standards for discharge .,^d may need tqv^e diverted for low -irjate irrigation 
on other land areas or for permitted uses in Iriq^^try, - 



, In both overland flow and low-rate irrigation systems, water. app^.ications must 
be discontinued well in advance of field operations so soils can dxai|i and stabilize 
to carry tillage or harveist equipment without serious impairti>^n.t^ 
Appl-ications should not it).© made on bare soil except as needpd^to : promote ger 
aix^^irapid development Q^^;.^ct•'^riewly planted crop. ' 

Tillage' and Residue^ 'M^nagement ^ -V . . 

■ ■ . ■ ■ ■ . , ; ' ■ ^ ' : v :■: • • ■ ■ ■ 

Til lage^operati 6ns which expose l^'aire- Soil should be kept to a minimum. Conven- 
tional plowing (8 to 10 inches) and preparation of a seedbed free of weeds and trSsh 
are necessary for most vegetables and foot crops ^ Many field, crops, however, can be 
, planted . directly in soj^.^>r trash from a previous crop .or after partial -incorporation « 

of^pd^idues. by shallow -'d^^^ . On some soils, it -may > 

^-O^Sow ';vrery deep (2 ft. bx^'oiore) to mix impermeable -sl^^ 

^ "^stirf ace materials - More dtften, impermeable parts .fbirmed ?l|y;- yehicular t^^lif^tv;:^;-^^ 

natural processes can be.biioken up by .5ubsoiling equipmen^^ 
.^^^-p^ by A/^egetation or 'Stubble ahd^ trash. . i^ V. ^ 

'-W* Miniflji^^tiliage and no- till methods .dbl5.serye fuel, reduce labbr -^c^^^ 

mize .compa:c^3.6n of soils; by heavy equipmentf^'^.V Crop residues left on the surface or 
partially incorporated to a depth p¥ 3 or 4 inches provide protection against runoff 
and erosion during intervals between crops. The:decomposition of ' residues on or near 
the soil, surface helpsvito maintain a friable, open condition conducive to good aera- 
tion and rapid infiltration of water. • . 

■ ■ ■ - ." , ■ " . . '. ■ ■ ' ' ■ ;■ , v .'■ : • 

*. Local soil cons etVatiorl distirifct personnel should be consulted regarding till- 
age practices appropriate- for spedific^t^jca^ops, soils, and terrain. 



: Vegetative covers should be managed to promote both a high rate of nutrient 
"harvfest and frequent return of unharvested residues. Return of residue^^|i^s particu- 
larly important where wastewaters have- bee]C3^^treated to reduce BOD. . The ^aJ^^^ues 
* serve to restore an effective balance of.*reri^^^ and structural carbon re^i^^^iy^^ to 
nutrients and toxicants. The cycling of liitTogen and phosphorus through' defe^y organ- 
isms and their products helps to regulat|i :;th^ soluble nitrate and phos- 
phate. Actively decomposing organic matter' also helps to reduce the concentration 
d¥ other soluble pollutants and can ^hasten the conversion of toxic orgaiiics, like 
pesticides, to leSs toxic products. Carbonaceous solid wastes or wastewaters high 
in BOD,: from canneries or wood processing indus^tries, can be used to augment pro- 
duction of organic iriktter by dn-site vegetatip5^l!;;:> M no-till methods 
will reduce decomposition ratios and help to itt>^|ii|^ain or increa^|5;:the level of cycling, 
organic matter . in the soil. ; > V>i 

-Anothe^ approach for restoring the carbon balance in pretreated wsistewaters is 
manage l^gop^'S and holding ponds so. as to promote growth of ac^uatic plants. These 
be harve^^ for feed or for application oi\ land. , , . 



to 
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, Nutrient jtiibalances. Toxicants , and pH Control 



'^V^;^^^ may beV li^ited^by^ or a comtiina^i j-r ;^ 

tiSti i^^^^^ loading parameters: water, suspended soii'ds,. BOD, phosphorus, sblur.;; ^ 

ble s^ltis,. sodiun^^ special cas^s'rbjf^^/^^ metals, or toxic 

' S trace Wganics , In any Vcj^sey initr^ should not exceed 1-1/2 times the "^V -^^ 

,anti'tip^t.M^i6iii6^^ except/ as justified by actual monitoriiS^J: 

■ experiefte^ioC^ • ; • " / \ ^^'-^.M: - \^^'$^ 

/At thi^ljtfe^ wa3teWa:itQrs will supply oth^ir;^^^^ 

:nwtr'ibnts ife^ crops. Nutri^^^'^i^.^l^'^^^ 

obcirtTjiV;^^ vigorous growth !arid hd^^gh \ ; : . ,v ^ ; 

S- '-ij^ei^s:; rembval o£ eutrophying nuta?ients by lia3i^esfi>^;^^^ 

^:$n(i maximum benie^its -^^rom' H and decomposing residues, * ':%y\^:>\\fi 

. Nutrient /mba^^^^^ can bie identifii^d by visual symptoms and quick tissue tests/;'* 

/ in the f ield/\.; l^ieid^^^^id^ be confirmed by detailed analysis of plant tissui?,;. 

sampled at a cfitp^qal^^i^s of growth, pften, devieloping deficiencies or toxicities- ' 
can be detected, b'efpre. serious imbalanc;!e^^^^.V^ by testing soi 1:$ . systematically : " 

every year or^wo^ foi*^ available nutrient 3 . ' ' ' 



\ The balance amdiig: majpr^^^^^ secondary nutrients is.fpf primary conce^ 

' tical ,;det:^xmini^tions shoii^l^^ potaisiijjn, calcixim,' ,^ii*d magne§ilm.,. 

■ V ^ ;usinfg^^^^ known dtiagiTf^^ soil or .foi .;ta/ssue, asV: the^^^ c^ may be ; 

Totat^^^^^^^ (Kjeldahl 'Jif) can be useful, , but the levelv! of nitrate .(NO3); in tissue ' *v 

indicator ^p£t^ 

V:;^. respecj^vtb^ lea^ yege- 

tabii^S;i^i;#; the^f^^i^ to suspect coitfci^f^^ 

■* "*• ■ or hiimaji3^>:' t • ' : ' . 

; Imbalances iriyoXying.m 
by soil pH rather tfiati by their concentratfianjs.;!^^^ 
, . most likely under acid conditions and may -ie^^l:^ 
: availability of native ispil siburces. Deficieiiciiesipf^ 
,^fe likely under alkaline conditions. Molybd6riiM^& 
/ ^^i]^P^i>t2Lge contents toxic to animals have been associat'edVwith 

; V: ' ' Problems of deficiency or toxicity will be minimi zed^i^^ s^l^fac 

r' ^* taihed at pH 6. 5 to 7.()^^?7^^^^ adding lime tO;;ac|:if^^^^^^^ 

■<J ,\ of acidity (alum, 3ulfuf., U^^^ to alkaline soils, is^'.^^^^^ by soil tests.-': 

V made every 2 6r . 3' years .;^^^^^i^^^^^ very acid (pH '^.4v$^^^ lower) or Very 

' alkalin'e (pH .8. 3 or higher') these extremes will need to be iieutraii zed before the ' • 

. vfater is applied oh living vegetation. ' . t^V. 

Supplemental nutrients^^^^ deficiencies c^n be applied through the. irriga- 

tion- system or by sui^tab.Je^^attachments* to tillage or planting equipment. Supplemtental 
/ fertilization should be gauged to actual nee<^ visual ■ ' 

symptofihs or by changes in soil or tissUe tests.o:>; . • v^p 

; V tissue analyses and visual symptoms can be caused by conditions ^ such • 

as hfgh salt concentration or poor soil aeratiori, which impair root functions. Salt 
concentrationis in cert^^^ may be high- enough to cause direct: 

injury to. plants unless' salt tolerant species are grown.^ Wbte^ often, - injurious salt 
' " ' concentrations build, up during ;the. groiying season in soils which do'.-ijbt tjansmir ^ 
water fast enough to assure lea^chimK^^^^ with unusUal sa:lt content: " 
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electrical coB^ii^ shpuld not be used for loy-rate irrigatyioh on slowly per- 

mieable soiis-.to 



such ^as- 
the cal- 



0 Loss of soil; permeability may res{\i^^^ constituents 
ar sodium. If sodium is 'resporisible, ' it nia^ *bie . necessary to increase th 
: ; - xium cdntent of the w.astewatfeiT' O^ to amend,:ithe sd.il .w of calcium (gypsunii 

.slag, lime) . Deep tillage of:^ the installation o^^^ • 
may <be needed to assure rapid movfejnent pfrsdlts andvsodiiOT tlifough' t soil. Improve- 
• ments in internal drainage alstit will improve , soil aeration, r . ; . i. ; 

■•. jPesV Control .. ••■•■^vi,!.-. .>=* "^''^ ■ ■ ii' ' 

> , Prdbleqjs with weeds, insects diseases are -agigraYate^ under- coiiditib 
■y-Ky'. -of frequent irjrigati6ni^^pal'ticulaf ly when a single crop is^ groWn** year ^ after ,;yeW or * 
..• when nd-till practices, are used;^ ^ Most ^ p^^ can be odSntroiled by^selecting^resi^-: 
tant or tolerant varieties and.fc^^^^ pesticides in combiriatipn with appropriate .* 

; V ' cul^tural practices , "Stat^ and local ; experts should be consulted in developing" ah 
V.' overall^ . ' • , 

Most crops require ;'a perfo^/pf dyy weathfer before h*a:rvest .to mature and reach a 
; y- ■ moistt^re content compatible with ha^^^ Additional drying by art if i- 

^- ;/ cial means ftiay be necessary fp^r sa^ meet market standards. Soil- ''^^ 

^.^ . r^^^^ should^be' Idw/iehough ta minimize cdmpactic^ by harvestinig - 

; V r jequipnt^ irri^a^tibn be discontinued, wel^^ in adviance "bf 

/ ■ :-.Y-':-'--haTV.est;'v^ ^ 



. To riiiriimize ^sruptign' of irrigatibri; scheduled, ha arid alhj^': tillage or .:.:' ■ 

planting op era. t ions which follow must be cai^ried out., expedit Adequate power iV 

labor, -and equipment must be provided for; this^ ^^lltrWing f di?%nevj-table delays due ^ 
t Poorly drained areas^iM a field can lead to^expensiye delSiys 

(Fig , 7. 4).. Opjefy^ti^n;^ . in such areas avoided until adequate; improyements 

■ in.' drainage ;cari;'^e,;:©^^e^ •■ .-^v^/.y •'.'v/-^-.;-^ 




Personnel 



A wide range of manage^iil^^^^^^^ skills- i^ 

• land applicat ion. with' ^ the co^^^^ 
: . total Waste treatment sy^^^ A.^'eeijtgcal cdre'^^^^^ 

and irrigation engihe.eiring v as wel 1 as v^th.e . a^ .sbiteric^ '] i sy 'es-seritial for a well 

:;nan^gej^^^ Analytical caj)ab;ilit monitoring required v " 

j'^^^^^^^^^^- 1^^^^ be provided within the organisation contract with inde- 

pendeftt^^^^^^ necessary adinxnAs>irativ6:and clerical personnel, 

technicians , arid labor, may suffice if . w^stewat^er "is applied on submarginal land with. 
/■\ ■ minimum iiianageinent.' i ^ vv/.'-L ■ v.;,-':: y . * 

* If .there -is concern f or upgrading land uSe d^^^^^^ economic return from' 

: ' application ;^ requii;;§d. Specific skills will 

depend upon tjie proposed- i?se of ; the land^^^^ *for wildlite, recreation, forestry. 
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, vyilj vary with the nature c 
. may perfotm man^: task-s, bdt.well^trainei^^ an J. supervise 

■'."them./ :'':::'yyy'- ".y y ^ \ ^ ' : ■■. : ■ . ". 




( ■ 



FIG. 7.3.--Titneliness in field operations, r^cjuires h^ayy equiplifnt and personnel ■ • 
skilled in its use' and maintenance. Soils rfiu$t;^be allowed ■to jdi'ain and stabilize 
..^^^befoi^e' such operations. Photo by R. L. Cook.'^ ' ;t • 




^% FIG. 7.4. --PooRly drained spots in a fjeld will be unproduetive and can. cause 
expensiVe-'clelays.'^"' Additional .t'ile are- needed here. Deep tillage •uiay be needed- 
to' repair*damage to soil structure. - Photo by R. Li Cook,. . ^.r y^^. -y: - 
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V Ii) so%e situations it may* be feasible to. distribute wa^t'ewatecr to independent 
operators.* Such arrangements should be contr^ctj^al. Legal counsel sKoUld be sought 
in ;dtawing up agreements wltich are mutually advantageous and yet jetain^ rights of 
. access * for m6nitoring«purposes . apd provide for courses of acti,j?n in thje event that^ 
. wat6r quality standards for discharge^ or grouhdw^iter i'ecHafge are nojt met, Pqr«onnel 
♦ahd organitation ngast be pypyided to administejp suqh, contracts. \, > . 

-^Key individual?^ should have respoirsibijities Tor liaj-sciri with rdfeulatory ^gen- 
cies^and for ^informational and 'educational*' exchafige within the^ or^fanizat^pn ?ind with 
the general- public. V, ' ' : _ ^ ' ^ # ^ 

Aryiur JR.. Wolcott IS Pr6#fessor «of Soil Biochemistry^ Department otf Crop ^^^9^ * 
. i^oil Sciences, Michigan State University, EE's t Lags ing, l^ictj,^ ^4^8241 » *^ 

Ra:y;L....Cook is *Profelsor fimeritA' of Soil ^ci^^ce ^pd.thairmdff (Retired) , '49 " 
Department of »Soil Sciiincesv Michigan State iJniversity, East Lansing, Mijj:h .#48824. . 

' ■ . ■■ ■■ 1 ■ ■ ^tr ■ ^ * ' 



Section 8 

SELECTION OF THE SYSTEM 
for Wastewater Application on Agricultural Land . . - 

I ' \ Ernest H. Kidder ^ 

■■ \ ■ •• J • • 

Three methods of wastewater application to land are considered. They are y 
sprinkler irrigation, surface irrigation^, and overland flow/. Infiltrsttion-percola- ' 
tion systems are not discussed. 'V . ♦ 

In the Western states, including those ih the western part of t^e North Central 
^Region, 'both surface and sprinkled irrigation method? may be used. In the Eastern 
states, the amount- of land leveling and the resulting damage tp the soil profile 
would^ in most instances eliminate surface irrigation. The^ injection* of wastewater 
into the soil by knifing does not appear to be practical bec'ause of the di^^turbance 
to the crop and to the soil which would result from weekly applicatipns, and because 
of the high cost of operating the application equipment. A renovation and utiliza- 
tion conceplf of wastewater application is emphasized.' \ ^ 

if. Water Management Strategies 

Certifiable waste treatment pl^ns may include cycles of re-use for purposes 
which do not require water of the quality specified for terminal. .discharge. Uses . 
which geiterate revenue will contribute directly to the- cost effectiveness of a system. 
Such ijses are to be foiind in industry,, agriculture, forestry, and aquaculture. 

There are beneficial uses of' partially renovated water which may produce little 
or* no revenue hut which pan influence the quality of life and, \ indirectly, the eco- * 
homic and sociaQ. goals of communities and regions. Thbse inclujde irrigation of 
public ^nd priv^l^landscapingi greenbelts, and wildlife hkbitats, arid containment 
and control of surface flows for recreational and aesthetic pur][)oses.' Land appli ca- 
tion 'and surface coiltainment* bf Vastewaters can - lead to incresised recharge and stor- 
age in local groundwaters^ with increased efficiencies in water use. Increased re- 
tention of water in local reservoirs (holding basins, cyclic ^ire-use systems, soils,* 
groundwaters) can contribute significantly to moderation of seasonal and ' long-term 
^fluctuations -in stream, flows and lake levels. 

* An essential objective in total design must be' to provide : for containment, moni- 
toring, and control of wastewater flows until water of the desired discharge quality 
is achieved. Seasonal and cyclic fluctuations in wastewater and storm water flows 
originating within the system, and in natural flows entering from outside, must be 
anticipated ±n ti^e initial ^^esign. Pr6bable increases in» voltune op changes in^ 
quality of flows requiring treatment must be allowed for initially,' or anticipated 
in cpntingency plans for expansion or for adoption of new treatment technologies, 
as n'ieded, ovei^^the projected JLife of the system. i . 

' • '* ■ ' ' '■ "'.\ : . ' \ ■ . . 

Design arid management options for. application of wastewaters will .vary . with the . 
hydraulic capabilities of availablje soils and terrain and their relation to natural 
*^nd engineered hydrologic systems (Table 8.1). 

^ V. . ^ ■ , , ; , • . ■ .* . ; ' 

'^The renovative*capabilities of soils and yegetation 2ge utilized most effec- 
tively with"^ low rate irrigation ,««^stems (Fig- 8.1) ?- With appropriate management, 
drainage water suitable for suri^e discharge* or percolate suitable far groundwater 
recharge can be obtained^ Economic benefits from increased efficiencies\. in produc- 

• v ■ ■ • ■ % ■ •.• ■ , ^ ^ '''' - ■ VI,.. ' ■ 

^ 8.)! ' *. \ • - 



TABLE 8.1"Cornparat1ve Gharacterlstlcs of Low-rate Irrigation, Overland Flow, 
and Infiltration-Percolation Systems.* 



Design Approach 



Factor 



Low- rate 
Irrigation 



Overland 
Flow^ 



Infiltration- 
Percolation- 



Liquid loading rate ^ 
Annual application 
Land needed per 1 mgd 

Soils 
Slopes 



Removal of suspended 
solids and BOD - 



0.5 .to 4 in./wk.'*' 

2-8 ft./yr. 

140 to 560 acres 
plua buffer zones 

Moderately permeabl e 
loamy sands to clay . 
loams . ■ 

Cultivated crops: 
0-6%. Forages and 
forest species: 
0-15% 

90 to 99% 



2 to 5.5 in./wk. 

8 to 2A ft./yr. 

46 to 140 acres 
plus buffer zones 

Slowly permeable 
silt loams to 
clays 

2-6%. 



4 to 120 in./wk. 

18 to 500 ft./yr. 

2 to 62 acres 
plus buffer zones; 

Rapidly permeable 
sandy loams to 
sands 

Less than 2% . 



Removal of nitrogen " 80 t o 100 % 



Removal of phosphorus 



Fate of wastewater 



( 



(may exceed 100%)' 

95% to 100% 
(m&y exceed 100%) 

Evapotranspi ration 
and deep percolation 
for groundwater 
recharge, discharge 
into surface waters; 
or recovery and re- 
use. Runoff con- . 
trolled ' . 



90 to 99% 



70 to 90%' 
50 to 60% 



90 to 99% 
0 to 80% 
70 to 95% 



Runoff maxijnized 
for recovery and 

re-use. Relatively groundwater 
littlef eyapotrans- recharge, recovery 



Deep percolation 
maximized for ' 



piration .or deep 
percolation. 



and re-use. Runoff 
not allowed. 
Negligible evapo- 
transpi ration. 



Adapted from R. E. Thomas and C. C. Harlin, Jr. (28) and C. E. Pound and 

R, W. Crites (23). EPA-660/2-73/006a. 

■ • . ' ■ ■ . .. ■ . ' * • ' . • ■ ■ , . / .■ ■. . ■ 

Irrigation at 4 in./wk. would be seasonal. An 8 ft./yr. application would '* 
average 2-1/2 in./wk. over a 40-week irrigation .period. 



IRRIGATION SYSTEM 



EVAPORATION 



SPRAY OR 
SURFACE 
APPLICATION 

ROOT ZONE 
SUBSOIL — 




'SLOPE 
^ VARIABLE 



''DEEP . 
PERCOLi^TION 



FIG. 8.1 .—Diagrammatic representation of the low-rate irrigation system 
for wastewater renovation. 

tion or increased yields of crops\ will compensate for increased trans- 
mission and distribution of partially treated wastewater arid -the need to extend 
managerial control over relatively large acreages. In mdst cases, -municipal efflu- 
ents to be applipd through' Iqw-tate irrigation systems will be required to meet stand 
arrds for sbcondary treatment ^with regard' to BOD, suspended solids, fecal coliforras, 
•and pH.-, ^ ■.. _ . " . , : v 

The permeability of fine-textuted loams and clays is too low to accept and trins 
mit significant quantities of water in "excess of normal precipitation in the humid 
areas (see Section 2).. On such soils, substantially renQvated water for re-use can- 
be obtained by controlled overland flow. Other descriplfiVe terms for this approiach 
are "hillside irrigation". and **grass filtration." The filtering action of vegetation 
and associated organisms at or near the soil surface can remove suspended solids 
and organics as effectively as conventional primary plus secondary treatment. 

Sprinkler Irrigation 

Sprinkler irrigation involves spraying water out through the air. The water 
normally infiltrates the soil at the point where it falls. During recent years, a 
number of mechanical systems have been developed for use on l^rge areas. These 
systems generally work quite well and a minimum of labor input is needed for their . 
operation (Fig. 8.2). 

■ ' SPRINKLER IRRIGATION 
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m 



RAINDROP 
ACTION 
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FIG. 8.2.--piagrciiTimatic representatich of a sprin- 
kler frrigation system for applying wastewater to 
Tand^ *^ . 
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/ TABLE 8.2.— Range of Infiltration Rates for 
Various Soil Textures. , ' . 



Soil 


Ipf i 1 trati on Rates 


t • . • ■ . ■ ' ■ ■ 


'■ — f''" 

y An./hr: 


Coarse sand / 


0.50 to 1.00 " 


Fine sand 


0.30 to 0.80 


Sandy loam 


0.25 to 0.50 


Silt loam 


0.25 to 0.40 


Clay loam : 


0.20 to 0.30 


Clay 


0.10 to 0.25 ■ 



Sprinkler irrigation is used extensively for the Application of, wastewater. 
Rotairy sprinklers, which range in capacity from 0,5 to^i,.20p gallons per minute, make 
possible a wide range of application rates.. The soil .iqitture, structure i'^^istn^lj vegeta^ 
^tiv^ cover largely dictate the maximum water intake ratel App^xi^ 
rates based on soil texture ^a^ie^ given in Table 8.2. A ' 

It must be pointed out that the inf;i.rtration and percolation ra^^S'^£fife 
tion of time, cropping practice, quality of water, permeability of deepej?^ s^ 
ers, and antecedent moisture iu-a the soil texture. It is stfongl/^r^ 

mended that infiltration anil percolation tests be made at intervals along. a; i^adCuftb^I^^^^^^^ 
line, on the specific soil (for methodology, see Appendix A) . Observations during " 
these tests will provide the initial estimate, of the application rate. 

Because the water from ;the rotating sprinkler is projected through the air, 
there is cdncem about the drift of tiny droplets (aerosols). Hence, isolation from 
public roads and private property must be prescribed when sprinkling wastewater. 
Some testdng is being carried out with sprayer type nozzles and other applicator 
devices at crop level in an attempt to reduce droplet drift by directing the spray 
downward, decreasing the opportunity for droplets to become airborne. 

' The type of equipment used to apply the '.wastewater will vary depending on the 
land area involved, ..available labor, economic anS climatic factors. 

Solid set type systems have been used, consisting of permanent buried or quick 
coupling portable pipe laterals using properly spaced rotary spri^iklers . Several 
mechanized systems also are av'kilable. The side roll lateral in which the- pipe be- 
comes the axle to turn the supporting wheels is suited to low-growing crops. It 
requires about an hour's- labor ev^ery few hours, to roll the lateral to a new setting. 

The central pivoti;systetn, : ^s the- name implies, lis'es a laterdl line supported 
by towers to rotate abSut a pivdt point. Great flexibility is ayailable both in 
application rates ahd ,ro"f atidti^ speeds.. 'The system is powered by water hydraulics, 
oil hydrauLics, electric motors, ]air pressure, or mechanical caible. A rotation 
period of one revollxtibn in 8 hours makes three rotations in ^24 hours possible. ^ 

■ A third type of' system is a giant or boom. sprinkler pulled through the field 
by .a winch. This traveling unit is supplied by a drag; high pressure, flexible hose. 
Both its speed of <t^r|yel and appiication rate can be adjusted. .It takes about an 
hour's time to reposition. the applicator unit, drag hQse,"^tc., after each trip 
through a field. This unit is commonly used in 40racre fields and irrigates about 



10 acres with each trip through the field. However, giant sprinklers project water 
high into the air and result in aerosol drift for a greater distance than snjaller 
sprinklers. 

Surface Irrigation - . 

Surface irrigation includes all systems which allow water. to flow over the soil 
surface and continually infiltrate as it floWs. The land must be rather flat with 
no excessive slopejs for this system to be feasible (Fig. 8.3). ' "^-^^ 

Generally, some land shaping is ..necessary to level the surface to a sloping 
plane for efficient irrigation. Hie depth of top soil present should be considered "-Mk 
in planning for land leveling. Surface irrigation has not been extensively studied 
Sot use in renovation of wastewaters, but is Pikely to be used in cases where aerosol /^^'^.' .V 
effects limit sprinkler irrigation. The vari( us surface irrigation systems are '-^''^^0:: 
described and evaluated regarding their potential use for land application. .'■■!-r:.rj;}. 
\. ■ ■■ ■ ■ ■ , , ' ;■■ ■■ ■ . '■ . ■ ;':;''r,'v 

In one system,: a ditch or a pipe distribute the water to the high end of the 
'/field wherje it is discharged onto the surface) If a ditch system is used, various' . 
structures - are required .to assure that water in the supply ditch is at the proper -iPt::-^s:j'^- 



/. 



SURFACE IRRIGATION 



COMPLETELY 
FLOODED 





" flooding - . /v 



• , • ' ' ' ., 

'v. Vvi.' 

r,' r ■■ -T ' '■ 




RIDGE AND FURROW . 



FIG. 8. 3. -.-DiagraninatTC representati on of two -S-urface iirrTgati^n 
methods for applying wastewater to land. 
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elevation. Pipe systems may be either buried pipes with risers which bring the 

e r to th e , stir face or may be gated pipes placed o"n the surface of the soil. Where 
surface irrigation is used,, a ditch system is required for collecting and handling 
excess water whicii runs off the lower end. of the field. This runoff could be applied 
to a lower field, pumped back to its original supply ditch and applied again. to the 
same or other fields, or returned to storage. 

In jinother system, the entire surface* of the soil may be inundated or small 
channels may be formed to carry the flow over only a part of the- surface. ThQ par- 
tial flooding systems are called furrow irrigation if a row crop is involved. 
Smaller channels similar to furrows used for a cover crpp are generally spaced closer 
and are called corrugations. Ridge and furrow irrigation involves the use of large 
channels with crops planted on ridges between furrows'. These large furrows may be / 
flat, fprming long narrow basins which are filled and .allowed to set while water 

infiltrates from them> 

.' ■ ' ■ *■ ' ^ ■ • ■ " ' ■■ '• 

Any of the partial flooding systems should be applicable to wastewater irriga- 
tion. When water Qontains somie suspended solids, the surface of the/furrows:;:.iij^ 
tend, to seal after they have been wet for several houi's, but a period;;pf 'I^eSfe^^ 
which the soil surface 'is allowed to dry should restore the infiltration rate. •* ^- 
Bendixeri, et al. (3) rjeport Satisfactory operation xif a ridge. and furrow system in 
which effluent from a two-stage trickling filter was applied to a silt ,loam soil, -v^^^^^^^^^^^ 
fn some ca?es occasional tillage of the furiipw may be necessary to fully restore tlii^^^^ 
^infiltration rate. y . ' 

^. . also provides good surface drainage for ^ 

handfii^ runif f '^gm. h^avy precipitation. Furrow systems would be advantageous for 
wastpi?|fc water does not contact the plant foliage and hence/^ 

wastj^^i^er. residues/St^e^-'n on the plant. ^: : ^^^^^^^ • ; a ^^-J^^ 

-^^^^ Fo^ysurf 3^:e irriga entire surf acl^':^ -^^^^ 

■"^irecji^ the^^flol^^ bplid^jci^lt^^ small levees''^:'^!!?^^^ 

^^e tfi^ d^wn jthe;^i^Kp^^^^ borders With dikes along the contours, or .^^ 

^;i;S)nti^^ WhicH^di^ibiite the flow across the ;s lope and allow water to flow 

;;Jri)^^^^ down the slope, also are used. , 

v?.\SJ$PX^ appears to be the surface irrigation system/with the most v 

^^^i^^ It has been studied rather extensively 

^^ff^feriit^^ Border widths usually range from 

.•5Q^&^<^ are; betwe;en 0.1 and 1%^ Length of runs 

i'^iige^-:d^ border must be nearly, zero. 

' ■ to most soil typiei5;: and can be > 

-designed;;;tp;^^ by using higher applicatipit rates. This ' / . 

type-i'of :^4iri^^ gx.ain and forage crops. Furrows may- be ^ 

formed 14 bcf^^ ^ 

' The . d«Si^!blb^ irrigation has been 

SI0W.V Tliey^^^re.; several . ideas show promise and have been 

succes5jfiir.:iil^i|^^ of a surface irrigation system requires 

• contrprcof 'ga^c^^^ system to provide for. delivery of water to 

the prbpi^- fi:^^ the opening and closing of turnouts which 

delivet th^ v^at^r The devices which have been developed 

to cc^htrol^the^fe are checks and drop gates which may 

Id e tamer- cf^tij^^ By 



OVERLAND FLOW IRRIGATION 



SPRAYAPPUCATIOM 



5LdPe2-6% 



EVAPORATION 



GRASS AND VEGETATIVE LITTER " 




SHEET FLOW 



RUNOFF 
COLLECTION 



OVERLAND FLOW 



, FIG. 8.4. "Diagrammatic representation" of the overland flow irte'tli^if'of apply- 
ing wastewater to land. ' . 
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setting^time clocks prior to tKe beginning of an irrigation, water can-fe^ advanci^d 
from poin^f "to point along a ditch by removing, checks at^set time intet^^als. 



OveHand Flow Irrigation 



pverldnd flow fCTable 8^1, F^Jg^^^^ 8, 4) has . been used successfully for renpvatipg 
f^jQi^ -processing wastewaters and iis presently being studied for renovating municipal 
'Wastewaters -as well [Carlson et al.- (6) , Hoeppel et al . (i7)J If feasibiPity can be 
demonstrated, overland flow might be 'used to' tenovate wast^^^ commi^nities 
in. ar6as with soils' of lowvpermeability. Land-^^formed smpd^^^^ a length of 

run'cpmpatible withythe soil textja^ are necess^;i^^^t distribytion, 
eff?H^^^f J^"^''^^ and ifeecjoVei^ ^fiect^. over- 

* ^-and^jElow irrigation 'is va:;:|Di^ surface irrig&iri^ -jcnc^^ as bord^ diecJcV ^ The - 
emphasis is on "cleaning; ujirv t^^^ volume of :^at^r flows-^wn tiie slope 

:to be collected at the base: - 6f '^^ for otftest^'u^e (Table 8. lO • ^ ^ 

None of the points meritipriedvp^eviously will aLilpw for the complete design of 
a wastewate^:: ippU system. -.TOe firlal choice and' design of a wa$tew?iter appii-. 

cation. metHbtf: invb Ives the input df a competent engineisr, soil scientist; crop scien 
tist, and economist, as-Well as . cons.ideration of the .'regulations of local, state, 
\ajid.. federal ..agencieis-;- ' ■ V ■ 

' ' ' , . ■ ■ ■ . ^ ■» 

: ^Ernest H. Kidder is Professofvo^ Agricultural Engineering, Department of, 
Agriculture Engineering, Michiga| State University, East Lansing, Mich. 48824. The 
assistance of Dr. T. L. Loudon in|^h^ preparation of this section is acknpwledged. 

The figures used in this section are reproduced with the permission of C. E. 
Pound of Metca,lf § Eddy, Inc. Th^ first appeare^d in Pound and Grites (23) . ' 
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^ /PUBLIC HEALTH^ AND PISANCE CONSIDERATIONS ^ . 

for Sludge and Wastewater Application to Agricultural Land 

■ ' ■ * . . • ■ .' ' *. 

-Thomas P. Wasbotten / ^-^^ . 

. Plans for any jJroposed sludge and/or wastewater application project should be 
reviewed; with the local unit of government where the project is Ibcated ,for\com- A-* 
. pliance.^)^Wl|tV local ordinances. Local, county, or district health departments shiSuld^ 
also tie^iq0ntacted t obtain pprtineat information on he alth regulations Th^ state 
; water ^pblltit ion control agency should^ be contacted and they should be able to pro- 
,^.^yide direction on any requirements of, other state agencies. Assistance can also be ; 
'v"provided,>)^;fi^e Envilronmental Proteqt ion Agency, the U.S/ Departm^^^ of Agri- : 

culture,,/ ^(Xc^ Extension Service, and the Food and Drug Administratipn. 



; • In eyaluatiiig overall environmental impacts of any land application of waste- ^-^^ 

water effluent or sludge system, consideration must necessarily be given to potential 
pufelic health hazards and offensive odjor nuisances. Effects that, must be considered 
; :' includ^.;groundwater contact v?ith the wastewater or sludge by the 

- employees operating:;.t^^ insects and ro'di^j^s;> isolation from v 

S^j^^^^^^ site, and dpntamination^iJ^JI'l-^ 

^ J. ■ A.: ^- . . ...... ..... , ... .... 



k^W^^ ^^rr'i ■ Odor; Control 



: ^ . Siiic^; start^:jM^ governmentC;Tei;u|^ 
;\ \. 'jlevel . of Jp^ef^min^j^ be provid;g^^ (usua#l)^ii:he equiv- 

aijbnt .of odor nuis^p'oe/ t^n^^ 

. ' ' : in^^tke^ j^^ industri^al \ 

- Wajll^w^^ 'offensive odor nuisance con<J|^l!^n^ have existed gene rally shows, the!'- 

. {:paiti!s^^ of inadequate treatment' priof . to. land application, often com- 

- V PA\^^^ the irrigation' site. - A more likely location for the 

; cbrr^^^ at the source o£ the putrescible wastewater, con^ti- 

':\,^t0xi^:y^^^ :>^'^' y'^.,.^r:\ =■'■:- 

[^/l^:y\ Bludge applications to -the land pose a much more serious potential for ^offensive 
,^ bdbr nuisances if not pr(5perly managed; Odor problems can begin-at the point of 




chemical composition including chemicals which may be added for sludge conditioning, 
and type and degree of preliminary treatment (very important with respect to odor ■ 
generation) , a case-by-case evaluation is usyally nbcessary. * 

• >':" ■ •■ r ■■ • ■ ;• ■ . " • :.' . . ■ ■. 

\ Plans for land. application' should include provisions for soil incorporation of 
sludge prior to rewetting of the sludge by the next, signiificant rainstorm. Liquid 
sludge application mdthbds employing subsurface injection and liquid manure spread- 
ing followed by plowing arid discing have been cited in the literature as being suc- 

,,cessful. Other treatment and odor, control methods for sludge have included^' heat 
treatment followed by sludge dewatering, composting, chemical treatment with high 
concentrations of lime and chlorine, and pressure filtration of sludge cake. The 

vapplicaftion of well-digested drying bed sludge to lan& has been—successful for many ; 
years and is still; probably the most economical and noiniially qdor-free methpid for ; , 

•■■-smaller., facilities. ■■- • ^- .\: \' ^ 



:. The often employipd method/of applying liquid digested sludge to farmland has/ , 
ngt : always been an odor-fr.ee method, but has been tolerated at isolated locations 
/b^<:ause; of the lack of frisquehcy, duration, and intensity of the odors genera-t.ed, from 
the application ariea in small 1 instkl lotions. Many of these operations are faced with 
citizen complaints and litigation as *the frequency of application increases due to 
greater volumes of sludge generated at the: Wastewater treatment plant and with - ^ 
adjacent land use cjiahges (i,e., a new residential type house in the cbuntry; the 
adjacent farmer stopping his livestock operation and growing crops, thus eliminating ^ 
the'manure handling operation, etc.)- However, with proper sludge digester opera-' . 
tion, sludge handling techniques, and land management at the. application site, these 
odor .problems can be kept to a minimum. Better management procedures should be .'^ '\ 
planned for new sludge application systems rather than just duplicating so-called 
"successful^systems" in a neighboring community. " 

Pathogens ■ ■ ■ . * ^ .... , 

~r land application systems for wastewaters anS. 

sludges from a public healtli^^^^pect is the poteri;|tal for th^>ji^ 

gens, including both hs^p^t^^^ viruses. Transmission, cail pb,t^tially occur..^ia ' 
the gxpundwater,s^^ia: m^^ coplact with eithet the wastewater 

or'^iiiytge, via tft^ f bod jifi^a^ of thip^ xrop grown ^^^^ the land iiuid via ■ 

^e0^^s. generai;^;6bilttol^^m^ of multiple barrier r^si/i^-'ly ' 

by. health tegUlktipif>^;£^ such technixjues vas imintini2a-| >^ 

j^H'dn^^;^^^^^ of wastewater -trWtine'h^ requirements for the" disinf^jctic^n.. 

' of vaste^f^at the degree of digestion of sludges required before appliqationi 'and;, 
is^r^tibn of wastewater -and sludge handling facilities from the public. . ' . 

\ ; ■■ ■■ ; ■■■ • - . . . ■•^•^• 

. Although the soil is generally agreed to be an excellent filter an<i^^-4^^^ 
of bacteriay and viruses, the literature cites a number of ckses where botil viruse| * ; 
and bacteria have traveled significant distan0$ tihrp soil mantle. Of comparr 

able concern, from; a 'pub lie. health standpoint i;^^^^^^^^^^ i^he protectio^r of 
aquifer from contamination byfp1:her wastewater or sludge const^^ 

nitrate nitroge n . Many states require that, the minimum U.S. Public Health Service ; 
drinking water s:tandards not be exceeded for* any ' existing wells in the yicittity j)f 
the project. Others require rio measurable .degradation to water quality from existing 
wells or from future wells asx^a result of the project. " a ^ i 

Aerosols are micro^opic droplets which could conceivably bte inhaled into t(ie * 
throat and lungs. Aerosol travel and pathogen ^survival are dependent on factors such 
as wind, temperature, humidity, vegetative screens, distance, etc. tittle is actually 
known about the survival of -pathogens in aerosols, but research projects are underway 
to evaluate this potential ha zaird. Current methods employed to reduce this potential 
problem include isolation distances, vegetative soreening, effluent and :sludge. appli- 
cation techniques, reducing aerosblat^ i.e. , low pressure, iarg# droplet spray irri- 
gation equipment, stopping of spraying during high winds,, and disinfection prior to 
applicatibn* . [ ; , . 

' .'^ 'i- ' ' ' Parasites ■ ' - \: ' 

The bva^, of intestinal ^parasitic wor^^ are excreted in the feces of infected 
individuals and are regularly present in raw sewage* Of particular conceim* have 
been . oifa. of Ascari^ Iuin2?r These oVa are generally resistant to adverse 

enviroftmentai conditions and are still prespnt in both treated wastewaters _and sew^ 
age sludges Goncem with food chain transfer by. the S;ludge-mi Ik-human ^route ha 
prompted at .least' one State Health Department (Ohio) to res;f:fict' sludge application > 
to dairy pasture's. This is an area: iLequiring an irtimediate,^ intensive research effort 




' . 'The; CQiit.rol of insects an is more; critical 

• than or <either^ot agricultura^.^;iand; "o land because the 

p03sijtle transmission of bacteri0:\an[d vi^ from the wkstewater. or sludges . Wetter 
. cdnditioris andf incrieased^veg^^^^ thfe potential , for .the number 

of insects, and rod^ts; howeve'r^^ control: can normally be 

. uti^^^d>tQ;Contrjifl the Mosquito .prol^^g^^^^ tould be severe on wastewater. 

appj^9.tt^^ vsit(?s unless the* facility is pfoper^X'^ designed :and in3.nagqd to e 
ponx^^^;^^f . ai)d allow . for sufficient drying periods betweeijt %]placalioris q 

^- Isol ation fr^ the^ i c • ; ■ ■ ' ^: 



A .|rE^ may be, placed pn^iwastewater and sludge land ^application 

: sites "b^:.!^^ or 'federal' regul^ current authority to 

,^ isolate th^^ odor nuisance and health hazards, 

' ; Sites utilliied ^^^^^^ management systems must, of.ten 

;lje suitably f fertced aijd^^at^^ inform the general public of 'the use of the site, 
. . Jsplation dist^h,G;?j|^V'^ proportional, to the degree of potetit<^L . . 

heaitK risk of a^fei;bs61s fr^^ wastewater irrigation sites and risk of ddot njiisance 

• ^rom sludge applicration, site may be imposed frbm residj^nces , . 

* . water suppli'es, surface waters, roads,: parks, playgrounds, etc. Public 'access should 
■ only be on a regulated basis; with due consideration given . to the additibna If health 

hazards associated with wastewater or sludge/ . /^'^ ^ 

/ .^ Stormwater Runoff from the Sit 



Along with the need to protect surface water quality, surface runoff irom waste- 
•water and sludge application ^ites.must be managed to protect adjacent landowners. 
Commonly, berms and dikes are* used to eliminate surface ruiloff from wastevyater irri- 
gation sites. Grass filtration wastewater irrigation systems should,. have* collection 
systems with additional treatment and disinfection to assu;re the resultant discharge 
to surface water meets discharge requirements. Surface runoff from sludg^e applica- 
tion sites' can usually be controlled by conventional agricultural sai^ erosion con- 
trol methqds. With high rates' of liquid ' sludge appii cation, additional precautions 
may be necessary to control surface runoff to reduce poteixjtiaL he^^ and 
nuisance problems, , " • • ■ 

• Contamination of the Crops ^ 

Almost all states either proJ^ibit or tightly regulate the;^ growth of crops direct- 
ly consumed by main where sludges or wastewater effluent are applied,^ Of recent .con- 
cern arfe; the ^.large^ly unknown health eff^ heavy metals, PCB's, mercury, and , 
other potential toxicants which may enter 'the food chain, . Common practices to reduce 
this potential involve' control or elimination of the discharge of these tdxic chemi- 
cals -at the industrial wastewater source, A prohibition of :^ppiLication of these 
wastewaters and sludges to the land where agricultural crops or liyestoek , operations . 
would cause a. potential "fpod . chain problem could be applied 'by .governmental regulatory 
-agencies,''/, /'\ ■ 



' * Thomas P. Wasbotten is. a Sanitary Engineer, Municipal Wastewater. Division, 

•Michigan Department of Natural Resources, Mason Building, Lansing, Mich. '48926 
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PUBiib;^c#TA&iiim 

for Sludge:!^ij}ii^^^^^^^ 



1 . *. 



* Renovation of municipal wastewater and sludge^^ on l,ian!4 is riot parti cuiariy . a 
new concepit, but it Jias undergone a .^^^^^^ because of watCT 

economic; concerns. Such systems ,ot Venbvatiori, if properly implemented/, cari greatly 
reduce nutrient build-up ip water courses and pl^ce the nutrients on land; Where they . 
can be us^d beneficially. V Applying: wasteWat^ 

inore cost-effective waste •t;reatmerit al terriatiye ct^ renovative, and di^r 

posal techniques. However> 'muriicipal:,^a;uthof^^^ must r^ that 

cjertain prc^blems may arise when they coriside^^^^ alteTriatiye. Amorig? 

these problems are concerns and procedures for^ 

system and the general acceptance by 'the^ : 



■ . ' Legal and 'Economic ArrlWgementis^^ ^ 
Xancf Arrangeijfients i ..■ . \ . -^-^^^^^ 

Land treatment of municipal wastewater^^arid slud(ges^^^^^^^^ 
be evaluated: after considering specific doiiununity c^bniiatiqii?,^^^^^^^^ . 
sipn is made to employ land treatment/ a variety 'pf^: ldnd^^^^^a^^ 
used. . Each will ,haye different impacts oji. landholdef^ 
authorities . , The variety of the options vised refi,,ects yaryirigiC^paciti^^ 
nities'.-"to :impose"co$fs*' on landowners'. ' /y'^- ' Vv-- V /■•Vvi;'-^"'-:* .-* . :"" •■'" *■" 

. Fee simple; acquisition of land (outright; purcha^^^ 
the renovation^ system' by municipal,itie|s. It lenabies^ munieipality to, pu^ 
pwii&goals within stal;e, federal i and local, law v. 'Hpwever^^^^ 
ally required to pay high land costs for thie fee; iiiter 
addition, is required to add another function (agricultu^^ 
to itsJ^exis.tirig seryice activities. Larid^p|urch?ise is al^ 
and localj^. agricultural economics relative to other t)^ 
: ■ ments. .'■ : •■ ■ . ■ . . y^^'y- ^y . '■E '^..-'y'k7-\'U'^ 

. In the North Central Region, . mui\icipalities- Will^ curf ently ;haye^t 
range of $650 to $1,800 per^acre fpr. agricultural land^^ iis s^^ 

tion^of wastewater and sewage sludges, to purchase a farm: Unit and felbc / / ' 

family under condeXimatibn procedures would currently cost iri^ 
$26, 000 for the farm headquarters buildings, plus apprpximit^ly $81000^^^ i^ 
' costs in addition to the land costs. This assumes the averiage , tract of land to be a 
160-^acre' unit . .' ■ -.^ y ■.' 

Easements or use rights (other than fee interest) on suitable larid(can be • 
obtained without acquiring full property rights if mutual gains £or% the municipality ' 
and farmer (s) exist/ Such use rights could run the gamut of permaheftt easement to . " 
seasonal land use agreements. Use-right arrangements reduce the control of the treat- 
• ment system by municipalities but lower the land co$t arid are less disxiiptiye' to the 
. local" economy;. •■ ;* •• • 

Acquiring the use of ' land via usfei^ usually^mbets with better ;.: 

public acceptance than land acquired 'by fee^^^s acquisition. Furthier improvements 
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in acceptabHity occur if al.l ris^ks and unknown^ o£ the rgjio'vation system aire mirii-^. 
mizeid, fertiliz-^r nutrient^^ to farmers ^re. made available e;conbraically with no-incbn- 



veniences , jii^d farmers/ costs , af e-^ deduced as a resul.t^ of the arrahgemeht^ 

< ;Pne exaiuple Qf:.a^^ is&excess water, 

problem in ^mpst .of .'.the Nortla states / Thus, -application 



ExcesS.^water is^la.^^ 
)f wasteKatier to v 

la|id vill, be m^t with s^^ sinpe they require nutrients as inputs *• 

to 'their production ^ct^^^ do not require greater; Water use, - Excess' water. *! ^ , 

imppSjes idrainage cps'ts in iadditlpn to the. coists^ of 'irrigatiori, Such^.costs will Kave • ' 
to be borne by the municipality tef ore they can negotiaJte for use rights to apply 
wastewater ;t<) land (7, i6) , In contrast, the watier. may be a' distinct asset which 
Wili:..&ttract use-right Arrangements in more arid states of the United States, 

/ Negotiations between municipal authorities and farmers t<3kw"apply .municipal^ • / ■ 
' sludges to>'land wil^ not. meet ^with these* problems since the quantity of water applied 
with, sludges 4s ins^gni^ hjoweyer, farmers who apply sludges mifst he assured , 

that their soils or . crops will not be temporarily pr permanently dd:maged by fajctors 
such ^s excess heavy , metals or solyj^le- salts , . ■ -v I* 

Payments to .the farmers pr landowners for any use-right .a;rrangemerit wilT^^c 
tainly be involved if uncertainties with respect to t^ie application; of 'wa^tewate^^ 
and sludge tP the land exist; e, gr, , unknown heavy jjpetals, harmful salts / unknown^ 
irrigation rates, etc,- these payments by the municipalifty to-. :^rmers will" probably ' . 
amount: to approximately the existing net agrroultural .land reij^ts iii: ?h^^ area ^ince."f^ 
farmers stand to lose* at least that much money if; problems arise, ^. For corn-soybeaij,^ ► 
land in. the Cprn Belt, siich . rents currentiy run in the range' of $35Vto . $60 per Jlcre," v 
If dtainage is required ^. current tile and drain , structure costs range from/ $200 to ^ t 
$550 p0r acre> depending on local .soil arid topographic conditions ,.: This figur§ - • , 
assumes 10% of the total drainage structure is already in place, f • . ; ' ■■■■'^ 

Land may also .bi^ aciqiiired for farming' coope rat ives.v; : 

■ In suqh cas;,e, an agreement is made/betj^epn* ^ Idndholdefs' 
organized- into .a! cooperative, for t'he .paltpbse^ of receiving* and using given amouijts of • . 
wastewatoi* : or s Judge generated by the Intinicip^lity- The. ippliciation rate and .timing 
of wastewater or sludge applications to ^th^- land is largely determjined by 'the- members 
of tlve cooperative, • Some'^tudies in Michigan and ^^0^ suggjsst thiat , even .under this^ " . , 
arrangement, most additioi^l irfigatipn ai^^^^ cost's would have to .be bprne by- '. 

the ;municipality in the form of a payment :;;tp the cqpp^rative, ^ Negotiation3 : bftfen 
.'break down if farmers' inputs' are altereS ;!^^ capitftl for. 

: "ihodi^ed. dra^ V ^ ^ . ' : * . 



; "V ■ ' c<J;^^s of -sludge apjp)liQati<>n; equipment' may .^^b fanners /in 

• * •/ : r ^' ii^ ai'rkh^e^ costs may anijl^ed . iri the v co^t . of kludge ) . 

: ' :det 'to . the rxiidiv^ :iarm unit:; ' Dat^a i^for^'slud^ cither . 




\ ; . Recent l^|spe^}iai:^ under Public; Law 92--Sptl- k 

. .; (Water ;Po 1,1^^^^ have made, land treatment • pf ; waste- . . 

water a ^sigii^^^^ i ti es should cons ider ; because 6 f reriq- 

. V^taon-.capabr The. law is . a cpmbination of ; cbe 

. :legi^liatiOT^°§^ ^ tlfe-obj-ective of (^iirairiatirig^ the' dis- • 

charge of '.pdpS^rits'- i i98#. The ; law *alsb: cal is . for public • • 
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owried treatment plants ^ secondary @reatment processes'' by micf- 

•.,1977. The U.S. Environmental Preji^Q^^^^ Agency i,s the federal agency clJarged with^ 
f' .':tftei. responsibility of executing t^^^ and allocating maStching grant* funds^^o" the 

•'^tat(^s>^ by the law and appropriated by the U. S- C(^ng^^e^. . ; . 

Grants to, state and 5 jofcal agencies ?iow encourage .renovation of wastrevw^er ai)d , 
sludges on land a;s proVided under sfuhsection 20(d). of the 1972 Amendments. Encourage- 
ment of wastewater treatment' manageiment that' results in tlie construction of revenue , . 
-producing systems and recycling of wastewater and sludges through agritultural prodUc- * 
tion processes which are not harmful to the envirohment is now pai^t of the grant pro- 
: visions of the Act (15). The grant program is designed to assist municipalities with 
\\- 75% federal grant funds, leaving 25>, as the local share. df investment. ^ 

. Acquisitibn of land sites^hich are an integral part of the^reatment system 
V (iexpluding land used for s^ is authorized ^ 

by other .sections of the Amj^ndments and is included in. cost sharing^ / Federal^)^ 
funded graht's'.are ^avail^ble for all secondary and tertiary treatment systems provid- 
ing such systems are the most practical from an operational viewpoint and subject ^o ^ 
demonstrations that such systems are most cost effective as outlined by section 
. 212(2) (c) of the' 1972 Amendments (12) . . i , 

Municipal officials have to be aware of state agencieis and regulations as well 
as federal provisions. Indeed, it is the state agency with which municipal officials 
will work most directly to initiate and implement land treatment systems. Generally < 
a specific water quality, pollution control, or intergovernmental relatioitfe- division 
^ of these agencies is set up to work directly with community officials on matters per- 
taining to wastewater treatment. 

Traditionally state agencies maintain control o£ water resources which are not 
under the navigalJle waters control "powers belonging fo. federal jurisdiction, how- 
ever, very few states in the North Central Region haye specific statutes and .regula- 
tions pertaining to the application of wastewater and sludge on land, although this 
status is changing rapidly. Some states have informal guidelines for wastewater • n 
treatment ih general, while others approve of various systems in ^'Compliance with 
the federal regulations as reviewed by the state agencies. Currently, it is the best; 
practicable criterion (operational practicality and most cost-effective) interpreta- 
tion of subsections 201(d) and 212 (2) (c) of Public Law 92-500 which have moved 
municipalities and state agencies to consider the land treatment alternative. 

Other legal restraints with which municipalities should be familiar are regula- 
tions restricting the use of condemnation powers,* acquiring easements, and contrac- 
tual agreements. Municipalities must have the authority or wor^ in cooperation with 
the appropriate governmental agency, to acquire interest in land outside their juris- 
dictions. Such authority or interest is usually restricted by state law. Authority 
may be changed if a municipality is included in a sanitary district; i.e., extra com- 
munity powers are enjoyed.. by' such authorities. This is the case in Illinois, Michigtin, 
Ohio, and Wisconsin. 

» ^ Public Acceptability . o 

. Acceptance or rejection of the land treatment concept by a particular community 
. and/or extra-community involved is based; primarily .on two elements of concern: 
-^ economy and health. Economic concerns are based upon the perception by landholders 
r o r their neighbors of outside factors which might result in positive or negative • ^ 
economic effects when wastewater and sludges are renovated within their community. 
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'Such outside factors may include loss of pifoperty values, loss of conununity tax b^se, 
fear odors, and others. . * ' ' . * ■ ;: 

.4 * ' 

Healtfe concerns * a33e basic to ev%ryone and can arguse even*those*indiuidual% who 
ar*5 otherwise indifferent to normal community; affairs. It its easy>:for even small 
grojups of opponents to cause public controveijky by raising doubts, fouhfled or un-* , 
founded J, about the operation of a land^^reatnill^t system and it.s^ human ' 

health. Such doubts are often resolved in ^faA^dt;^ of exist or convict ional treat- 

,ment systems which are sometimes much*moreVexpej^sive and/sometimes provide, eventless 
protection of ^heal*h. yegofiations within a^^^:^y[nunityy^ill| surely ^eal<5?downj|it ' 
current agricultural prodijc'&tpn systems are gteit^y ^itered at a l^gh||r cost arid. in-, 
formation about potential health ptwSlems remains"'' vigue. . *. 

jii' . * , ' 'important Factors Influenctng^l^ublio AcCeptabilUy ' 



^ A numbet ^f factors are of particular importance in destroying the c¥*porturiity?%> 
,for fav-crabie public acceptance of a land treatment system. * ■ ■ t 

Implementiri'g a land troatmerit proj ect'ovithout presenting the-known f^Cts t« • 
#i;eryone dfonceVned about the operation gf the system (economits, health, or^'ri-sk of 
nuisianoes) is invityig. failure, ^t should also be no^ed that providing such* informa-,> 
^tio0 will not insure acceptatei4^y. However, previous sociA'l researcl^ atid experienctes 
• in the water resource development area suggest that perception of th^^atibnalg* for ^ 
the pi*opoi%ed piroject^is an important factor in determining the rea,$tiori of indivi- ■ 
duals to both tha project and municipal officials and agencie^c' in\^olved. ^ 

• The magnitude of community resistance, varie^ directly witti tne magnitude *^f * / 
economic, disruption and population relocation. This' suggests -fhat land agquisition / • 
by^%itright jjurchase should seek very larjje tracts from a minimal .numbe'r of rural ^ 
landholders, .^•"nowever, this works againsr minimizing economic ^'di-sruptflon because sUcJi . 

attion imposes serious income redistribution, i^n rural, areas b^ween' .landholders ^ *■ 
and^otHers receiving income from rural ^enterpt^es . ' * ' - ' ♦ 



• Locali:(tijd neighborhood resistance at the- site other than from the landowners 
will ttost generally exist either for eco/iomlc or health reasons. Such attitudes j^ili^^ 
oftep generate, widespread public controversy an^myst be counteracted^y accurate' ■ 
information and community educatj.on, i^ > fi^ ^ ^ 

• ' ' ■ » ■■■ 

Renovation of a municipal ityVs wa^tewaterr and/or sludge involving land in ^ 
anotH^ political jurisdiction may' present additional problems^ First, voter indif- 
ference in the3e jurisdictions ma)j delay the decision-making prgcess. Second, tHe • ^ 
, concerns with^'fe'conomic health or nuisance probl'ems may be magnified in '.these- juris- 
dictions and result in outright rejection of -the idea of land treatment,^ 

• If farming practices are to be -changed greatly atid/or profits reduced by 
applying wastewatgr or sludges to land, ther^e will, oft'en be no basJLs for mutual nego- . 
tiations between farmers. and municipal off ici;als . In the Com Belt, for example, a . 
change from an intensive corn- soybean enterprise to a grassland-beef enterprise would N» ' 
mean reduced profits under curreft ecorfomic conditions and^ would not be acc^eptatrle. 
However, some ai*mers may choose to cease intensive production^activities' ar\d find « 
that engaging solely in the supply of use rights to. municipalities is a^jprofiitable 

and desirable alternative. , ^ < ' 

• Generally large land application projects are more likely to fail because 

they are more difficult to. control physically or economically. 
■ -'«■' 

- • , / ■ ■ • . •■ 



• Excess w^ter is^a problem in all but the Western hlprth Central sts^tps and 
limits £arme.r acceptability of the quantities of wastewater deemed economical and 
necessary -by ,^ihe municipality. These differences in> opinion should bie. reconciled 
before pldhs are made. , 



Initial Approaches to Obtain Acceptability 



The concerns -and restraints mentioned above«^make it imperative that municipali- 
ties pui3)osely plan steps to, gain public acceptability in^the initial stages of devel 
opment of a land treatment system. A number of important st^ps are discussed below. 

• vlt is important to inform farmers; their representatives , other governmental 
agencies, the ^ress, and- homeowners about the known effects of land treatment; both 
bfihef Jcial ,and detrimental, including legal inforfnatibn about land acquisition. 

•> Municipalities must work out the -details of legal restraints within which 
land treatment can be operative. , ^ • - 

• fluniCipalitie^s should avoid the negative reactions^ associated with premature 
announcements that large acreages are proposed to be used/for treatment prior to 
announcements abouf the sewage' problem and the»land ^eatment a,ij:ematives . Farmer* 
and other groups should, be informed aboiit the operation of the system? and it$ land 

requirement given, tlie sew.^ge load of ^the municipality . - .'' ^ ■ " ' 

K ■■ ■ . i. ■' ' * • ' 

•■• ■ .- ■ ■ 

• If the decision' has been made to purchase thie nepessary land, 4o not sched- 
ule to' purchase or obtain tise- right .arrangements- immediately. Rathei:, a schedule 
of land Acquisition^should be sjet up* over 2 to 5 years. A contract arrangement with 
one pr two farmeris in the initial year could be made (or a farm unit purchased) and 
the unit could be set up a$ a demonstration and monitoriijg site for public view and 
tp work on minimizing the uncertainities before pushing^ ahead with larger acreages. 

• ' ■ • . ! * ■ 

• ^^^^nicipalitiJBs shoul(i' consider operation of land treatment systems with a 
wide variety of land acquisition arrangements,' ranging from purchase of tracts 
offered for sale over <t3ime, user right arrangements '^ith a fee, use of land other v 
than agr4cul<ture|}jt6 direct opposite negotiations; i.e. ,. bid 'by,, farmers to acquire 
wastewater and sludge on •their farms. The systqms should be flexible with respect 

. to wastewater and sludge applic;^t ion rates and ^rms of contract, which might re- 
^ quire planning for. yjcreased storage at tihe*, treatment plant or at some station point 
near ,land -sites. Operation ^^greements should also?, be flexible in order tc* sflmuljate 
new te^nology with lower posts' of dfjeration. * • .• « 

* ^ .• The municipality should be certain that net costs not; be transferred from 
the sewage generating region to the^ecipient region. lf^J$ik Og^cuus, a form »of 
eompens^tion will have to be paid in addition to thS use-right/fee. 

^ Different.<Sfcommttnity decision-making units* may *have to eith^p be. brought to- 

gethar (county, ..municipal it)tf; and farmers) or re-arranged so thd^t repi;^sentatives 
of Afcie agricultural s ^ '^ ^ " - - ^ 



j*t6r; homeowners, county tod municipal ^officials a 1-1 have 
aoci scions ^involving lahd treiatment. This is a^form of intar- 



particii^ation in the doci scions ^involving 
^ nalizing the public^ atcep^nce problem. In such^9.ses each voter has some stake in 
Vthe decision #nd S^jtgaining positions can be expressed and made known to municipal 

rfpfficials. , , . . g' ' ^ c ^ 

. / fj? . ■ - 

jP' .»# • Laii§ pur|{hasei(|>r th^ *'city if arm^V arrangement is often desirable for a munici- 
pality because allows .better control *of the system. However, the arrangement is 
often.. vi^ed negatiy|ply by the. public and'^results in land being taken from the^tax 



rolls, * Us e- right arrangements!! or, better still,. ^bidding by farmers t6*^^r^ceiYe the 
nutrients are better arrangemertts for public acceptability, but result ^in weakened 
municipal control and contract terms, . 

■ ' ■ . ■• . ■ ■ * 

Continual conversion of ^uncertainties of the system into known facts aids 
decisionmaking, lowers costs, and increases acceptability. Acceptability is also 
enhanced if knowledge of this conversion is widespread among various groups Who must 
interact on public service delivery decisions, including farmers and others inter- 
"ested in the rural scene. ... 



Terry F. Glover is Associate Professor, Department of Economics, Utah State 
•University, Lo^an, Utah -83422- 
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SITE MONITORING CONSIDERATIONS 
for Sludge and Wastewater Application to Agricultural land 

Paul A. BTkkeslee 



Monitoring in the broad context includes observation of system performance, 
checking tlie quality pf affected natural systems^ and observinjg and recording envi- 
ronmental impacts as 'quality chan'ges occur. The role of monitoring in land applica- 
tion systems should be that of confirming the predictions and judgements made during, 
the project development and design stage with respect to these systems. It should 
be employed as a tool in expanding un(ierstanding of system performance, not as a 
s.ubstitute for the fullest reasonable imderstanding of the many interrelated physical 
chemical, and hydrologic factors within any project prior to implementation. 

•■ /■ ,■■ ■ ■ ' ■ •'• ' ..■ ■ • ' • ■ • ■ •'■ 

Hie project designer must consider trie ilmpact of three basic faqtors on the ^' 
natural system when developing a wastewater or sludge application proposal in order 
to predict project success. The factors for prime consideration are: 

• ■'■ ■ ' •■ ■ 'f '^'^^^ ■ • ■ ■ ^ . "-■ ^ ■ 

^ • Public health impact through disease transmission . , 

' .^^ Toxic materials and their impact . 

. ;• . ,■ ■ . '/ . ' ■ . ■ f ' ., • ■ . 

• Nitrogen compounds and' their, impact on groxmd and surface water -sources. 

The objectives of system monitoring can be fulfilled by develf^ping a njonitoring 
program which considers: 

• Applied wastewater and/or sludge characteristics 
Soil characteristics 

• Groundwater and surface water quality 

, " ■ . »• ..... 

• Quality of vegetation produced. 

' ■ • . . ' ^ ■' ' . . . ■ 

The costs of an effective monitoring program should incorporated into the 
routine and ongoing costs of operation of the unit generating the wastewater or 
sludge to be treated or used in an on- land application program. It may be possible 
to develop a fiill monitoring program including all sampling and testing capability, 
within the nontfal operations of the generating unit where a large scale operation 
is involved. For smaller projects, the, specialized testing methods to be employed., 
may require the use of Cooperative Extension Service and/or commercial testing 
service's. X: 

|. - v. \ Wastewater and/or Sludge Charactisristics ' 

Tixe wastewater or sludge to *e' applied at a site is like the raw material in a , 
manufacturi4g process. To be assured of an acceptable end product, i.^., crop,-eo- 
riched soil,; or other benefit to the system,, the raw material must be of consistent, , 
known, 3^nd- acceptable qudlity.v The recommenaed analyses havVbeen covered in Sec- 
tions 3 and 6*. * - ~ . § 



Soil Characteristics 



The ,characteristi9s of the soil systjem employed f^r treatment should haveabeen" 
fully established during project design and the monitdring program developed should • 
identify qhanges in^ these characteristics to avoid permanent or irreversible spil 
system "damage. Samples of the untreated soil should be collected and retained for . 
future testing. The- concentration of applied trace elements in the soil anffl.Vhere . ■ 
possible the available chemical form of such materials should bfe routinely 'determined.- 
The frequency of. -such determinations may vary from project to project, -with the' 
monitoring frequency being adjusted to the rate of change observed and project^' 'SCOpe. .' 
In cases where domestic wastewater or sludge with little industrial waste presient is \. 
applied, annual sampling may be sufficient. \ * 

Common groupings of elements which should be considered for soil fiionitoririg 
cian be determined from the composition of the waste material . These may include: 

• Cadmitim, chromium, copper^ lead, nickel, and zinc • ' ' ■ . * ' 

* Mercury, arsenic, chromium, and bo'ron. " . 

If other potentially harmful metals or organics are present in the wastewater 
or sludge, the testing prpgram. should be expanded to include them. 



v. 

. 9- 



Groundwater Monitoring - 

Monitoring wells must be designed and located to meet the specific geologic and 
hydrologic condit'ioi^s at each site. Consideration must be given to the following: 

■ Geological soil and rock formations existing at the specific site 

, • Depth to an impervious layer 

• Direction of flow of groundwater and anticipated rate of movement ' 

• Depth Of seasonal high water table and an indication' of seasonal. varia- ^ . • 
tic/ns in groundwater depth and direction of movement 

. • Nature, extent, and consequences of mounding of grbundwiafigr which can be, 
anticipated to occur above the naturally occurririg.^wat^r table , v 

■ v Location of nearby streams arid swamps \ 

• .JPotable and non-potable water supply wells ' ' *•* ,. . 
Other data as appropriate. : . \ ■ . <^ . ' ' 



,/ ; It. may be necessary to 'establish site, groundwater coijj^itions . ttopiagh^ i^ 

lation of a serieSj^of . simple observation.we:lls prior to the actuaJ^^ei^ectioit of . ■ c 
* locations arid depths for permanent monitoring, wells. ^ Groundwatei^ua;li^>^-s 

monitored immediately below the. water table, surface > near the 'si^^e; ;;^1^s d ■ 
from the sitp- increases,, the depth of sample withdrawal . from wit^iri^*t^fe grdtiridwaii^fer 
' . system may need to be increased or sampling at multiple depths n^^Jfe^^^jbequ^^ to 

' assure interception af affected groundwater. Monitoring wellfe iip$,*-ff/,^^^^^ 
/ ; as. to detect any influence of wastewater*"appiication on the grouridiw^ter T?esAu!r^e^'-'^^^ 




. . Water. level measurements should be accurate to! 0.01 feet (1/8 inch) and refer- 
enced to a permanent r^ferenqe pOinf, preferably IT.S, Geological Survey datum. 
Measurements should be made imder static water level conditions prior to any pumping 
for sample collection, vAll motiitoring wells sHould be securfely capped and locked. " ' 
.when not in use'' to avoid contamination. . ' 



/• ' ;To es-^flj^^^ a s uitable* data base for reference, to background conditions j a 

• ;> miiiiinuiii;:Pf^^^^^^ mpntIily~sSnpie^^^ collected from each monitQring Well pribi? ; ; ■ 
!. ' 'i.ti>.^^^ in operation. . In cases where badkground^^ • ■ 

; : ' .Water /iiuality adjacpiii^ tp the site may be influenced by prior> waste applications , \:; 
• prp^^ of water quality, froih existing we^^ in. A 

* i the $ame aqvifeiy. beyond the area pf influence; will be- necessary , . 

z;,^' ■■v;'■■;;^.';>■>■^1:^'^^^ • ■■ ■-v.' / .' ■ ■:■ .;*■* ■■. h^^':/ 'J- :^ - '.'^7^^ • 

. . v',^;^^ dur'ihg the- fii^^t ; 

v' . After the accumuiajtibn. of: a minilli^ /.ears of grpuiidwatet m^^ M 
. ";''7nodif^cati^ of the fi'agUeiJ.cy p6;^s^^^ be^: considered'* The* following sampling 

: '':;;prpcedu3re^^ ^''-'^'iv'-' -ri' V V.-f; ■. ' 'V' V; 

^ '. ^'^^''''^ ''■'J ■' v ■ 

. y V ; ^..^^ -mekstii^d amoii^ Jo . oir^ig^ 

'[ ■ \ . \y^£: W£^t<^ i^n. th^ • Weliy:^^^r:^ gr^ -j^iipuld^^^ eidhjapst^di from 'tH^ Vel 1 

. '^^ -^'^ :■ ' ( ' : /- vb^f Pre 'taking a .sjajiij)!^;'^^ ■lowvj^elTneaUiHt^^ . ; 

V i :• V soiisf, the. weli*ma)|^-havert^^ ekfiausted .a^ 

■/ V;*". y.v'^v- '^-araple^.is' cbll0cted;;::''^\^^^ '■■.:'J'':':\' ■ '-.X-^ : 



'/ r. ' r*'^; Piimpine eqi^ipment should, be; th^rpughjy rj^n^^^^ in §a<^i,monit<0rihg^.>^^ 

. "o" ' V . . i!tr ^^^^ vP^PP^ each mpni-tpring; w discharged^ to the gfqundr 

|face /awjaV f rom the! weli;^: • tp avpid >;r^^^ of flow in; ;^glf' pej^plbif / 

^^^^ *^st be cDllected,; ;stpr^^.:^ tfan5;Ppr,t^^^^^ in," a* 



^o i avoi.d ■ (x>ij,tamin^t jLon jijp^^i^^ • 
;tioii: 6;) •■V'^v' il^^^l' V ' '''-/v 'p- 4 ' - ' ■.■ .■ ■- ■^ 




el^ . collected 
sitiesj^l^t^^B^e analysed for 
monit-4^^^^ ^ludge applicati!j 
AdditiWwr :^nal^ may 'be, .J 
dependiijfi^^ compos tiCi^ 

' ■ . ^^f^' - . - ' 

• Specific conducti 

<!• pH ' m^i. 



:iTptal hardries 
; Aikalinity 
/• Ammbnia 



• . ;<itr^t6; 




^ckgroiind W ' 
fplicrwiri^ t . /(Nd^^ ^ ■ " 

PB^j^nduistri^ ai^e. similarV 

|aT^-a^ should^ be .deteinni^ oi^^ •ii^iv&iua^^^ 

i^.';#^^te ■ajpplied>Of-;*'"-/vv^ '''''■■^i^^:,.^ ■ s^*^ f 




. w ' i'j ■.. '■ A»* Vi'..' d-V'' *.*•.";■■. ■'■ ■ " ^ 





^'-Jpppbabl^^ Available Form, the Average Composition Range for. 
pralc,Crops7vand Suggested Tolerance Levels of Heavy Metals in 
rWHfen Usiga ^ Purposes/ ; 









Common Average 


Suggested 






. ;^ PrpbaibTe - 


Cpmpbsition 


Tolerance. 






^ Available : 


Range*' 


Level 




- - ■ 


:^ ' Form 


ppm 


ppm 



Cations 





[pnne; 
d-ine 
lolybdenum 
Selenium 
i'^V^adium 




. Bat+ 


10-100 


200 


f Cd++ 


0.05-0.20 


3 


Co++ 


0.01-0.30 


.5 


Cu++ 


. . 3-40 


150' 


Fe++ 


20-300 


750 


Mn++ 


' . . 15-150 ■ 


300 


Hg++ 


0.001-0.01 ' ; 


0.04 


Li + 


0.2-1.0 


5 


Ni++ 


, , . 0.1-1.0 


3 


: Pb++ 


0.1-5.0 


10 


Sr++ 


10-30 


50 


Zn++ 


15-150 


. 300 




Anions 




Aso;; ' 


o.oi-l.o' 


' 2 


HBO3 


7-75 ,' • . , 


' 150 


Cr03- . 

■■ , ■ p.- . ■ 


0.1-p.s ■ 


2 




\ 10 


■ I- 


0.1-0.5; 


1 


MoOi; 


.. 0.2^1.'O: 


/ 3 


, Seo;; 


0.05-2.0 . ; 


3 


VOi 


0.1-1.0^ ' 


2 


corn, soybeans, alfalfa, red clover, viheat, oats. 



barley, an'd gr^sses'^grown under normal soil conditions. Greenhouse., both soil 
and solution, values are omitted. ■ . [..::'■■■', 

" ■■ . -'y '-'''^-^'^ .\ ' ■ ■ ■ ■ ■■ . ■.. - ■ • ■ 

* Values, are for cor^ at or opposite and below, ear* leaf at tassel, 

stage; spybfeansv the leaves and petioles on the plant after 

first pod formation V upper stem cuttings in early flower stage; cereals, 

the who1e;.pTailts at;bo^ stage; and grasses, whole plants^ at early hay cutting 
stage.,..;//..--*^^;;^.' '. . 



, * , f ■ ■ . ■ * 



ERIC 



11.4 



Nitrite Mtrogen' 



Total gpihosphorus . ' 



ERIC 



. • Methylene blue active substances * ; : * 

• . Cheini 6a 1 -oxygen demand _ ^ . ^ ^ 

• • -Ahy^^fevy mptals/or toxic substances found in the Applied wastes. 

/After adequate background water quality information has been 6btain^d, a mini- 
mum of one sample per year, obtained at the end of th6 irrigation season in the* case 
of seasoijal operations, should be collected from each well and analyzed for the 
above constituent's. *" \ \ . ;> 

Ayi.o,ther water samples should be analyzed for chlorides and specific con due - , 
tance as indicators of changes in groundwater quality resulting from the waste . 
applied. If significant changes are noted in chloride and/or specific conductance 
levels, samples should immedia1^y_be_analyze^^^ listed 
above to determine the extent of water quality deviation from background levels. 

^ V Vegetation Monitoring 

The vegetation produced on a wastewater or sludge application site may be the 
most sensitive and meaningful monitor of the impact of materials applied to the site. 
Uniform analytical procedures should be' used. Similarly^ uniform selection of the , 
portion of the plant to be analyzed should be used so that the information obtained 
from a given •site is readily comparable with other systems. (See footnote to Table 
11.1.) The values in Table 11. 1 have been suggested (18) as common average. composi- 
tion and^.sliggested tolerance levels for nfdhitbrihg purposes. 

. The tolerance levels suggested in Table 11.1 for agronomic crops ate generalized 
concentrations averaged dv0r; many crops*. They are one-half less than the values . 
which are:-* toxic to ariiii[ialsi plant levels at which appreciable transfer of the 
element from the vegetative^ portion of the plant to the grain occurs, and/or the 
level known to be toxic tOj the plant itself . Therefore, the tolerance levels allow 
for some elemental increases in the vegetative, poj^tidn of plants, without significant 
increases in. seed grain or immiediate food chain hazards.. Levels are intended only 
for grain crops or hay for animals.' Vegetable crops are exclude'3r The. tolerance 
levels do not apply td crops where tho vegetative portion of the pllfcnt may be cdn- 
sumed by humans; ' : ^ 

. .^ y \ SampT i ng and Analys i s Methods 

. To permit effective comparison of monitoring data obtained over a period of 
time at" a wastewater or sludge application sj.te, or to permit the- comparison of data 
from one site with , another, it is essential to use uniform sampling and analysis 
techniques wherever possible. A bulletin entitled Sampling and Analysis of Soils, i 
Plants V Wastewatier and Sludges: Suggested Standardization and Methodology, NC-118, 
North Central Regional Publication No. 230 (20),. has been developed for this purpose. 

Paul A. Blakeslee is Regional Sanitary Engineei^, : Municijpal Wastewater Division, 
Michigan Department of Natural Resources, Mason Bui laing, Lansing, Mich. ^926. 
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' ■■ '■■ " Section. 13 ';v'^' ^ 

V'.:' ^-v;. V- glossary' of jerms\;\ '. '^l'-: 

Acre inches/year The a^^ (inches) of Water or effluent spread on J acr(? of 

;i.and' in. j. year.;.. /;.'- ^ . ' ;/ ' ■_:•„ 

■ Activated siUdges -T Sludge .floe produced in raw or settted/w.astewater^^^^ 

' of .zoogl,eal bacteria and other organisms, in the presence of dissolved -oxyge^ 

■ - . ■ ' • and accuinurated in sufficient concentration by returning /floc previousiy- fpi^ 
:/ & ;■ Product is waste-activated, sludge. ^ ; ■ ' . : ; 

- Adsorbed " adsorptioii .-- The attract iOn^^^;^ ions or compounds to the surface, of a . . ."■ 
solid. Soil colloids adsorb large 'amounts of ions and water. ^ 

Aeration The process' by which air in the soil , -is ,xeplaced-by air from 'the atmos- 
phere.- . • ■ ^ ; " ■ 

Aerobic ^'-^ (i). Having molecular oxygen as: a. part of the environment . ; (ii) Growing ; : 
; only in the \presence of molecular oxygen.. ^-i ' : ' - . * . - ^ 

. V \ " ; Aerd^ sludge digestion . Digestion of. organie? waste' splid.s by means of aeration.. 

Aerosols Microscopic drdtp lets dispers^^ in the atm&sphere. 

Agronomic -Crops 'Kaving economic iniportance in agriculture. 

; Alkalinity A soil or mat^e^arial with with a high exchange- - 

• "able :s6<liuin contbnt (15%, or^ more; of the 'exchange^. c . ' . 

• A/3aei:ob^^ absence of mplecurar" oxygen : Liying or functioning in the absence " 1. 

: : - ' ■ of air" or free oxygen . . ^ ' *: 

. 'a^ digested sludge The. stabilization of organic waste : solids brought dbout 

. . ' ' . through- the' lac tion^ .o the absence of elemeptal oxygen. . / ' 

. V Annual e?^p --. A^^rop which c6mpletes-a life cycle and dies within 1. .yeajr; / , 

. . . : A^ surf ace capabJE^e^^^^ • : 

"■ Arid • -t' Dry;- ■ limited moisture". ■•■■v\'-\ .V.-.:fe^S^'i^V.S^^^ • . ■•.^ . V 

Available moisture The portion of thV\$.c^i:^^^^^ available for plant use. : : 

■ Basin irrigation An effici6^nt^ system of vii^^^^ in which a fiQld ^dr orchard . ' 

J ; ; * .. .. is. divided into basihs which .are filled with wati^.l^ : V ; . . V ^ ■ 

' . Be^ Refei'ring to sewage treatment as the, most operational : ► 

■ .tfea<:mentS-systejn given local conditions and. w^^tevfater content. ! 

' : ' . ■ ■ . ' ■ ■■■■■■V ^'^ ., ■ 

- ; ,BlQlog±cal t'ri^tment ■''^ Forms of Wastewater .treatmeiili^'in whi bacterial .or biochemj- 
*.. • •',.. • ical acjtipn is. intensified to stabilize,, oxidize,,, and nitfify th.e unstable or-y ' 
• ganie matter pregte.ht . ., Intermittent -sand filters', contact' beds , trickling fil.-". 

• -ters, and activated sludge processes^re exarap^^^ ' _ ' .• ■ . ' ■'; . 

■ ' ' ■• T5.r..',-:-^ ■.■■„'■':: ;■■ ■ 



BOP -V* pxygeii Demand. . A standaicd"^^^^^^ used in assessing wastewater 

biochemical oxidatipn of organic ' 
matter in a specified time, it a specified temperature, and under specified 
c6nditio|]LS> .. "■ l.^ • ■ ... • '.' 

BOi)^ S.^day- Biochemical Oxygen P^emkhd, The quantify of oxygen used in the\bi<)chQni- 
. , ;ical: oxidation of^ orgemic *matte after;,5 day^s, 'at a specified- tiemperature^;! and 
iirider specif;^ conditions.: . . . . ^ : J , . - 

Bul/c density mass p if dry spil per unit, bulk; y the air space./ ^ 

• The jjul vbliMe i^s deteiTiuried befor^^^^ constant Weight iat;!^ C. * ' 

BxiTicitgras^ Buncmgrassi^ lack stolons ,, and Jform thick punches s^u fescue and 

.Awheat?' grass v. ; '/ ":^ •■' " --v',. ^ ■;■ 



Caicareou^ s^ficient calcium. carb\).iiate to effervesce, visibly^ / 
when tretated with col4/P^l N hydrochloric afeidv (d.^ ^ : 



Carhonate " A coimDound containing the radical COj*?. 



Cation exchange capacity -- The sum total of exchangeable cations, a soil can. adsorb^ 
Expressed in millie'quivalent^ peV- 100 grams of soil or othier adsorbiiig ms^terial. 
• ■•■ such"--as ■ clay* .•■ ■ ' ■ . . 

Central pivot system — An irrigation syst^em in which a lateral line supported bx ■ 
' ■: towers rotates. pivot point. ; ^ ; ■ . 

Chelating propertiyeS '^A The property, of cejctairi chemical compounds in which a metal-. 
• . ricV ion is fiinnly combined ;with the comipound by means of multiple chemical bohds 

(^Zay 'Soil.partitl^s^^ ^^^^ diameter. • : *v : 



: Closed 4ral^age, systew^^ A landscape where essentiall*/. all the products derived ^. 

'within ttfe.rpetiineter^^^ trapped within the system 'and are not transmitte,d to » 
. * .; . stre;aii^ or water . s.upp^l^ ^ ; ' . . ' . , ' k . _ 

G02P - r*CKemical^ Oxy|e.n^ D^ j^The oxygen Gonsumed t)y the chemical oxidation of * 

.- -/^-fliateri^;! !in ■water^.^■ f,..^- ^ - '■, \::\. ■ ' ' y/'-y-' ■ . y I' ^'^ 

■• ^ '""V' iVV ^. y- ■ ^ . v:.-..; ■ . .. - • • 

Composite'--- 1*6 Jmake up a sample of- distiric^ portions so the sample is represehta— - 
tive. c^f^ tlg^ total anat^riaa jDeing. sampled rat^ portion. . 

Coiidupting ..layers /^ayers^df soil property of enabling' water .. - 

' ;•. .'^^^^ with little .r^^stance. / 

'. Cost] effec-^yianess^ The le^ast • "c^st prb^ec achieving a Specific goal. 

'Coyer crop A crop grown. between ^peri^ds of regular crpps for addi^ m^t-. 
ter^to soil , 'and^|r,p'rotection:;a^^^ erosion. ^ - V ^ " 



penit:rifica%ion^'>''r The biocheitiicai ?Fe?ciuct^on of nitrate OT: nitrite to gaseous nitro- 
gen either as molecular jt^trp^^ifj. of an .oxide of nitrogen. 

■ ■ ■ ■■ 'H.. . ■- \ , ^>.; • ■ . . ■ ■■ • ' -'^f ,- , . , • . ■ • ■. • ■ . 

Z?etri.tus Any ^disintegratedi^matef ia^^^^^^ fi^pni a larger material, 'being rubbed 

. bf wdni away :: debris. - - „. • 



\\: : _^ . ; ^ or crop;s; whicK^^^^ di;lj;il .f. ;. 

■ . /Kaseinent'^ use .righ,t\r- ^ :rigi([t;J?ffor^^^ riJake limited .u^ 

■. V ■ ■; ; r ; Efflueiii r^; ;The liquid subs t&nce , plcedqmijiat^ly^ water.,, containing inqrgani c-aiid '^ ; 

'^^r -^:^ '-..^^^ substajVcd^:;^ ' • \ . .-. 

: '--/'An'^expres^si^ ^electia!ta:r* i/!"'! .. 

''■\ • ^^'-.''^^.^ impiiise -(general ^dil 'jsyste^^^ 

, : :." ■ Bikcirpde m^^ A method :0£' ari£L0$ls:;by -il^ 

■■• ." -Substances^. .*'"■■■ .. .'/V:. '"'*^,'^-^''^ '-J' ""^V' ,■■>;■ : ' ':-'t''V ■^•v*'' ' ' • 

■ .• \ " .probers of • pi ac ihg green plant material, in a^: s i^^*^^^^^ V* ' ^ * • 

'••^''•■^•■^^st:a'GK■;.for .;ferm^ and storage V: /:..'-,v' '^■s-^^-v$>y v'^' ''""/^^' -Ci' 

: ' l^^^ \Pro tec tion; Agency.; ■ i'^- . v' ■ ■ v.; > 

■ • ^ ; pf;'|p|^^ growt}i'vis; .fdSter ;:(di^^ 

' -V- §?|l:v , ■ P^^sence, of an- abufidant ^3upp^^ the rate- /p^ :d^c9mpb;5iti^ ' 

. . ^r^^yj -Evapc^ TK pf ; Water from. :a ^.Z ' v ; ; 

. ^^^^ speci^fi^d pe;ri0d-.df 

■ ^ :>;/•• V::;;::.. - v- .. ... • .•■y> 

v^- V '-^^^^^^^1 .i^3ic^^ r-; In ■ the:;ecQn/^ fjorce %>c^ejrn£lliy - impos^id byi^^^tt^ 

■ y .' '• ; * ^ J : a;ggnt.* on other economic agentsTVrsiich :f ^^^^ Casts' and/ot' b^ef its ' aa(i ^ 

' : ;: :y \:7;;'.-^ somet imesVTef erred tp external iti^sr^br^^^ - ; ' 

^ : ; ^ .faecal" coli/or/ns - t}^pe pf facul:ta;ti^ : ^ 

* of; .npnspor^-f ^ .b.acte.ria .ori|j.nati " v";^;" ' ■ ■ > ' / * J 

V- ■ -. simple ; Ai^ haying iini^ual-if ie^ g.nd poWer of: "7 

■ . T®^"^ P-ss^^-^^s -r,. Pastures /o^^^ ' ^ ^ 

.-species of gras^^ genys -Feagtuea, family. - . y> - ^ 

, . ^ "-^ -i^ ^' ■. . ' . ■.. i.v-^:.' ■■ .. 

. ^ crop^sucJi^as hay"^,.p^ which is grown' pri-^- J^:" 

'^v^;?::'^"^"'^ ■for;|i^^\ire-^ ■ 'V'vy.:, ■•■v ' ; 

y ■ : friablJe\^^^ ..-- ^ soil with' aggregates [wKiph' c^j^P|;;vr^ crush^cl^ .* 

/ ':. : / ^ .with a^ppli^^ or rechi6ed*t6 crii^ s)Ty ■ 

/ v^V'^y.^ - \. ^gr^nu 'struetoii'e.'-'^^ " ■ - '^'^ ■ '■:■;•■*'■ v :/.>^"' //■ "■/^.-j- . • * " -.a . 



Furxi^ ir^^^^^ A ififethod of iivrigati^ in'^Vh'ich ^water . is '^run^^^^ ditches ,, 

"^f^^^f^^ » ^P?^^^^ -pjose enouj^ : tpgethei^vte * 

' . ■ /" eral penetration .betwe^^^ . , • ' .' r'^ ' - ' ^ ^: ' -.^ ' • • ^: 

■ ••■•^'■■'■■.v;^■^^■.'^_ 7' • ;^ ' •■ ••■ ^■ 

Geb^^ic.r- : Relatq on geologf or the 'proper tieis. of -the earth^surf ae^ .■ 

'.• V . arid subsurface ?pii and rpck foM^ y.y-- , . ■ .'c'y^-':, 



dlacial dutwash Strati^^ifed glacial drift .whic^ iS^^V^ tM^t^^ 
^arranged in^ layjers ' of Material of diff^ 



id' 
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Glacial till The unconsolidated, heterogjoneous mass of clay, sand, pebbles, and 
boulders deposited by receding ice sheets. 



Grab sample A sample obtained randomly at one time. This may or may not be 'rop- 

resentative of an entire composite of samples. ' 

• • . " ^ ' ■ ■ . 

Groundwater quality " The degree of purity of the water obtained from the zone of. 

saturation (well water, subsurface or underground water). ^ 

Jifcoundwater recharge Return of surface water tg^>groundwater aquifeVs. 

Heavy metals -- Generally, those elements in the periodic table of elements which 
belong to the transition elements: They may include essential micronutrients 
•.. and other nonessential elemen|:s. , * 

; Holding basin (storage lagoon) --" A hatura^df. artificial ly created space which' has 
the shape and character of confininajrijAKUl enabling it to hoTd water. It- 
may contain ^aw or partially treatj^lj^Hwatin?/ in which aerobic or anaerobic 
stabilizati'cin occurs. ^ 



Host-'Specific pest A parasite or pest wh>eh can live in only on.e host, to which 
it* ,is thel'efore said to be specific. ^ * l|| 

Hunjid^^re^s -- Geographic ^reas where the^ clinjate has sufficient precipitation to 

'^suppbrt a forest vegetation. Precipitation may range from 20-60 inches annually 

Humus. /:l;§1&iduai humus; r- Organic matter^in the sSii which* has reached an advanced 
stage of decomposition and has become colloidal . in. nature. It is usually char- 
acterized by a dark. color, a considerable nitrogen content, and chemical prop- 
erties such as a high base-exchange capacity. . j . " 
. ■. .. ■ ■ • ^ ! 

Hydraulic capabilities -- Fluids, usually water, which are moving or at rest under 
.. forces of gravity or pressure. 

Hydrologic Relating to the properties* and movement of water within a soil systism 
r and the underlying rock* foritiations . ' "\ 

:' ■•• ■■ ~ ■ ' ' ' ' « 

immobilized -- The action or reaction by which a subst-ance (element) is rendered 
'immovable; fixed, as by organic matter or clay. 

Impermeable pans -- Zones within the^soil which restrict the movement of gases, *li-^' 
quids ,^ and roots . 

Impervious -- Res^istant to penetration by fluids or by roots. i 

Industrial orginics -- Materials such , -as pesticides, chlorinated pTasticizers , fire < 
retardants, etc. ' . 

Infiltration capacity --^ The maximum rate at which. a soil,. in a given condition at 
a given time, can absorb water, ,<;ommonly e^presseti in inches of depth per hour. 

■ ' ^ y ' ■ 

.Interlacing rhizomes The crossing and interwoyen^^ stems which grow partly or en- 
tirely beneath the surface of the , ground, often having "scale-like leaves. 

Inter Stratified bedrock -- Alternating layers, ofr^ifferent* bedrock; layers occurring 
\^^etween beds of different ijp.terial . " \ * ^ 

■■■■ ■ ' . ' ■ ■ ^ ^ ' ' ■ 13.4 / ■ ' 'S 
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-jCniAng The injection df a sub^ancc below the soil surface. 



• Leachingr removal of soluble constituents fronw soils or other materials by 

' " pijrcplatin^ water. 

• ..■ ■ *• " ■ ' . ^ ■ 

' leading parameter Variables such as water, metals, soluble salts, suspended 

,v solids, nitrogen, or phosphorus which' May limit wastewater or sludge application. 

Lodging Pertaining to ^ield crops'--- to*%reak, bend oyer. Or lie flat on the 
, gijound;*!^ sometimes forming a tangle. LodgiriTg may be. caused by high nitrogen 
^''^'Xels in the soil, JLu^ growth^ wind and. heavy rain, and plant diseases. 

Lo^ss^-^ A massive deposit of sil^;j[tan ^or buff colored), with particles typically 
angular and -'lini form in size. 'It is^'us.uallV calcareous, often contains concre- 
^tions of c'tTlciyo carbonate and shows lamination or bedding. ♦ 

■-, . ^ ■ ■ . ■■ • 

Major nutrient (macronutrient) A-chemical element necessary in large amounts 
(usually > 1 ppm in the plant) for the growth of plants; ••i.e., nitrogen, 
phosphori^, potassium. 



Matrices -- That .vJKfch gii8fes;oi^in or form to^^ thing, or serves to enclose it. 

'Metal tonicities -- To>ficities ai^ising from too highte^levels of metals in the soil. 
These could be due to^^tfadm^jum, nickeVj zinc, c^f^er, etc. at such^leyels that 
they cause s|;unted or reduced 'growth and micronutrient 4nibalances witTiin. the 
plant. : , . *; . • " ^- K 

■ - ■ ■ ^'1 • 

■ . >/• - , . ■ \ ■ 

Methylene blue active substances A measurg of the amount of anionic surfactants 

- (detergents) present in water, " , * v 

MGD Millions of gallons per day. * . 



filcronutrient A chemical element necessary in only extremely srtiall amounts 

(< 1 ppm in tfte plant) for growth of plants; i.e.;, B, CI, Fe, Mn, Mo, Zn, Cu. 



Microorg€Lnism An organism so small it. cannot be seen clearly without the use of 
a mi^oscope!* ^ ; 

Mineraliz^ -- The conversion of an element in organit. combination to its inorganic ' r 
form a?j a result of microbial decomposition. 

;-i \' " ■ ' • 

A;ono<?uiture;:--- Cultivation of ^ single crop, such as wheat or cotton, to the exclu- 
Z' sion of other possible uses of the land. 

Mulch Soil, Itfaw, peat, or any other loose material placed on t^e ground to ' • 
c^iserve soil moisture, or "prevent undesirable plant growth or soil erosion. 
■I ■ ■ ■ '* ' . " 

NC-98. -.^North Central Regional Committee of the State Agricultural Experiment Sta^ 
ticAs arid Cooperative StaVe Researcli Service titled ^'Environmental Accumulation 
V of Nutrients as Affected-by Soil and Crop Management.'* 

-'• '■• -'-.i . • ~ >-.,. 

4 -WC-IiS --iNorth Central Regional. Committee of the State Agricultural Experiment Sta- 

tions and Cooperative State Research Service titled "Utilization and Disposal 
^ of Municipal, Industrial and Agricultural Processing Wastes on Land." 

. . ■ / ■ 

Pondihg --* The accumulation of free water on the soil "surface . • _:i • . 
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f ■ • . * • • 

Potable — Wato% suitable foi* drinking. «; 

^ ■ • ■•■ . ■ 

.ex:eQi pita ted --To separate out. in solid form from a solution./ 

' ■ " ■ - ^' 

. * • ■ ' ■ ^ . ■ ■•■ • • ■ • \ 

Precipitation surpluses Excessive rainfall. v • 

Primary sludge Vray sludge) Sludge obtained from a primary settling tank, which 
, is the first settling tank for removaT of sett leable soil^ through which waste- 
water is {i^tssed in a treatment work-. / . 



Putrescible wastewater constituents Microbially decomposed iri ithev absence of 
oxygen. ; ■ . . " ; il''/ 



Renovation - renovated water — Water which has undei'gqrie treatment .-through chenj^^/ ' 
• ical or biological means whereby, impurities ,have^^^^^ mak.ing/^:|!t .; 

more desirable for a particular use . , / - !. . 

Risk statement -- A statement of probability with reference to ' the -probl^ilm 

occurr^itce; impact, and duration of an event.. W-^ 

Row crop-" A crop such as com, beans, sugar beets, cotton, etc., usually g^clpi 

or cultivated in rows. . • , . / . 

Rimoff -T That portion of total precipitation finding its way into drainage chan- 
nelsji 'It qonsists , of ever varying proportions of both ^ur^face runoff .^and 
- -groundwater' .runoff. .V , .j: :^ : ■' u-- :{ ' r :X [.i [^^ j' ^ y-^ .r ^ f 

Sand Soil particles between 2 and. 0.005 mm in diameter.' 

Secondary treatment --The treatment of wastewater by biological methods afterpri- 
mary ♦treatment by sedimentation. 

Sedimentation Deposit of sediment by natural or mechanical means. 

Seeps A spot where water oozes out slowly from the soil and gathers in a pool 
or produces merely a wet place, usually on a hillside as a hill base. 

♦ ■ . ' ■ > , 

Selective breeding The breeding of selective plants or animals chosen because of 
certain desirable qualities o5r fitness, as contrasted to random or chance ^ 
breeding. • . 

Semi-arid *'r The climate, characte*ristic of the regions jjiterrnddi-ati^. between the. 
true deserts and subhumid areas,* under which precipitatibh*' $f f^^^^^ 
such that a vegetation of scattered short grasses,' biincljg^iss^,^^^^^^^ 
prevails. V ' ' , \ :^i;'f- 

Shallow discing The process by which- debris' is chopped int(|g|ieces and put under 
the, soil by use of a disk, normally leiss than 5 inches. 

Shrink-swell potential --^ The potentiaF of a soil material toJ||iange volume as a 
result of wetting or drying. , 

Side. roll laterals Laterals used in irrigating 1 ow- growing rQW crops and forages. 
They are mounted on wheels wj;th the pipeline as the aft.e. A length of flexible 
^ hosf; is iised^^to make the connection to the main line; ^ 



Silt Soil particles between 0.05 and 0.002 nun in diameter. ^ ' 

* V , ■ ■ : ■ 

Soli compaction The process by which soil grains are rearranged to decrease.>Ajoid 
•Space and bring them into closer contact with each . other , thereby increasing 
the-w6ight or bulk material per cubic foot. 



Soil hprizon — A layer , of soil approximately parallel to the land surface and dif- 
fering from adjacent genetically related layel's, 

Soil profile — A vertical section of the soil from the surface through all its 
. horizons, inciting C horizons. 

Soil structure The combination or arrangement of primary soil particles into 
. * secondary particles, i^its, or peds. , 

Sod former Any crop or vegetative cover which quickly forms a heavy, close-knit, 
top growth Over the surface of the soil and a root system which binds the soil 
particles together, thus forming a sod', s,uch as white clover or bluegrass. . 



Specific conductance A measure of the capacity of water to cortyey an electrical 
current. This property is related to the total concentration of ionized sub- 
istances in a water and changes in the, specific conductance at a given monitor- 
ing well location give an indication of a change in grotindwater quality. 

Sprinkler irrigation (spray irrigation) Irrigation by means of above-ground ap,- 
* .A - ^^Hcitors^ which prd oUtward through the-aii*, making^ i$^ r^adi the^^- . 

soil in droplet form. ^ ' 

> ' . ■ ■ . ■ ■ * 

static water level Equilibrium water level reached in an observation or monitor • 
ing well after an extended period. . * 

Strata --Layers or beds of rock. ^ « « 

• .'" •'•■»• 

Structural carbon .-- Structural forms of most organic molecules are made up of a 

carbon skeleton with other elemeYits bonded to it. ^ ' f 

•■ 4 ■ • . . ^ . ; . ' V ■ : " :.. , ■ ..4' 

Submarginal land -- Land incapable of sustaining a certain use or ownership status ^ 

~ economically. * v 

•. ' ■ ■ • ■ . . . ' • ■ ■ .■ 

Substratum -- The C horizon of a soil. 5 t 

■ ■. ^ .■■ - ^ . 

Surface irrigation Irrigation distribution of water over the soil surface by • 
flooding or in furrows for storage in the soil for plant use. ^ « 

Suspended solids -- Solid particles which do not precipitate out of solution or do 
not easily fiifer out. They may be colloidal in nature. 

Texture (soil texture) The relative pr.opprtion in a soil of the various size 
groups of individual soil grains (sand, silt, arid clay).* 

Tight subsoil A Subsoil which is very compact and permits only very slow move- 
ment of water. ' : . 

Ti,llage operations -- Working -the soil to bring about more favorable conditions for 
plant growth. 




Tolerance level The highest level an organism -can resist or endure before becom- 
V ing affected. ' . 

^ ■ . ■ , ■ 

Toxic .trace dcganics " See industrial organics.*- ^ . 

' ■ .■ ■ ■ - ■ > . , •' f 

' • ^-V- . . ; ■ ^ 

Trickling filter A bed of crushed stone, gravel, or cinders of relatively, large 
A n size and usually about 5 feet or more thick. Sewage. is applied at the surface 
and the solids precipitate out during their descent through the bed. Aerobic* 

iMi^i^ainty — Usually re'fers to an event*- about which nothing is known with 'respect 
to impact, duration, and probability of occurrence. . . \ 

Underdrainage That . drainage consisting of drain tiles placed in trenches deep 

et3rough#to allo\i the covering soil to be cultivated and thefvpi;|[file adequately 

drained, . ' 

. ■ ■ >/ " ■ • ^ ' .' • ■ ' ' 

uptake The process jpy which plants take elements from tne sbil. The uptake of 

fr certtin element, by i plant, is calculated by multiplying the dry';^weight by 
he concentration of the element'. o ' < 

J • ' i ■ • • ' '' , '* , ■ 

is.G.S. datum — Ele>/|^tiori relative to mean sea level established by the United 
^Stattes Geological Survey. United States Geodetic Survey. 

^ ■ . "* , ■ 

yifec^tA^fiitJ*^ Separation of substances by use of a filtering system witlj 

/ ^? -..^'''tJie'-^idjof a' vacuum.- --^ ■ ^ "-'.-^ , - 

Vol^iiization - vaporization -- The conversion of a liquid or solid into vapors.. 

W7il24 — Western Regional Committee . of the State Agricultural Experiment Stations 
and Cooperative State Research Service titled "Soil as a Waste -Treatment 
¥ System." 

Water table The upper surface of groundwater or that level below. which the soil 
is saturated with watjet; locbs of points, in soil water at which the hydraulic 
pressure is equal to the atmospheric pressure. V^*" 

■ , ' ■ ■ -' 

Wastewater loadings — The amount of wastewater applied per acre -per unit of time. 

fi^atershed -- The total /runoft from a region which supplies the water of a riVer or 
lake; a catchment area or drainage basin. . 

Yield goals Th.e highest anticipated or expected .yield a field should produce. 
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K 'DoublMing Infiltf^ for Measur/ing S0IT Irifiltratr^^^ rRates 

■Rfef ^r -BertraS^^ 1965^ R^^ . I^i Methods of 

. ^Soii.^^^^ 1 , "^Monogi^pfi^ Agronomy, Madi- 

Needed >^etf ui jijiiien t 



liesi 




li! v' /fetal cylindfersi^v^ 
; j:e^.t > using smoa 

inside diame 
that tj^e, .cy 
^iudtn^i seanf 
cylinders 
it , mak6 t 
^ler ;inetal,. 




a^O; pref erably^^^f oyl inders f br\ use in a singly . ; 
St^teel icJr 

^}^|;4'^gau^^ edge ; i5;;p3:^-i ;; 

l^tM^ prefeapaiijy' 12 *to ■14;/inches .:m 

'^'^^m^hes ^103^ ,^ maKi'hg the J diameters. . . 

j^nsi.'de' eadh'* pther^jijF, ^e^ired : ; ' Jut^CrW^ld ^tfie: ; / 
ift ^ fipis)\,.< .'^if^ a^. spt,' of ;:. 

hsti5^ci*of 'iii:^earl!heh^^ td' *i)rovide' a buffer, cojn^ - 




. : f/2j) inciy thick .and; 1^ 

' "^^ ' ' It'Gi^^.fl^^ layget -than;,?^^ 




^ -Sft^ ; '^^f'i;. priyitiii^.:^^^r^^ sledae\.haminer , usedflPirithya tamp^ihg^^^al bu^ rathe?r . than / : 



' ^S^u^ate if iyr: man^ soils 



make a Heavier and bett^er haip- 



tf^v^^-i^^^^ st^ai^;aTa[;vl^74' ■ an 

!^V: V, i'iable'^c^^ traHispiii^^irfg meas^ur^ments . Use 

' ^ib^^^^ ^IQ. it^^^^^ con^y Water ' toV the- cylinder . 

.•l^g^E^lo)^ , , ' ^\ \ ' \ '-'^-^ 

. '5. PuMi^ det^jji^^' P afca -^^^^ folded burlap, Gii||th;; liea^^^^^^ 



loosely jf itting >/4^r^^MJ\ b^^ the,,c^ritral cylifv^^^ji^p protect the. 

sail; surf^ Y ; / 

^i^^"^^ i^r 6tl%)r 'timepiece which can be 'i^^d;to 1 minute 

7. Hook gauge: Grin^; a/167:j^'<^b0 welding rod to a fine point at one end, ; 

_ and bend this end'g^roj^gf^i^^^^ lend is paral- 

lel, with the long a^ds pf^th^^^ flat-apiece of bra$s . about 3/4 by 




. , ' X/A ^/ W:^!^ ^.^^M^^.. to the welding fbd^^^^ fx^d oppo- 

s^te the liopk, ;plj^^^^^ 



th(B axi^^ of'. th^^^ ^od. v Use this ^^dssembTy^>^^^^^^^ 

1 ar ^n^in^efeir ?. s . :.sca 1 e : to • mibji^ure the d is ce , (>$•■• t^^!^^i^y^^ ^ t he cy,l - 

inde;rj|fe.i6w\a ,rQ.tetence p^ Alternati,yely!i 

below^n>'.3"'^Qix--^thj& donstant-head'vdevice 'in-'9\/'' 'Ir^^^^^^ • ' 




hbut 30O and 
tr^r — graduated 

- pigette. ;;. Fasten pi^pette to tjie' edg^ of the ti5;i^gle:.[,^^^^ the hypot- 

eriiisej-, ' and^f as ten the side which f OiiflTi^ <t\\e othet ^^vc^|^y^ : an^le to a tri- 
^ inguiar ^pi^c^e of lX4-inch;^steeij^platevwhiQ^ is set' o^ 

i'S; plac^d^ irifilttomeier . ^jge'fore eadi;;.usi^i|^^ level the plat- 

(i ' fof iii; 'befor^ c^d^^^ end of a 

•^J^Ce^^^pfv flex'ilsae tubing t b v. bottom the other end 
over, the .top o<P>Ji.jie twq. cylihcjers t\ the • fitit^^^^ Immedi- 
jtely followingv^ditio^ on the top o£ the 

gi^i^^te ,to causV nSJater t^ fill; fhe fX^ihl^:J^^ the position of 

e sdai^, and.iBjiiti^^^ v#uesi?by the appropriate 

actor - — --^^ ---- --^ -^^'---^ ^ n ^r . 

" 9*. CoDs'tant-hek^ device^ ^fL^^.y^ hrai^ntained in. the cylinder, 

* / cwne^ the side of th 




<>jm(Ba^u' 
^ SIR 




.^g ii^linder (or Ibii) £ps>ake if fheV furrow 
tube sufficient' ^" " ' 



cieht size (usud;J[4y^4jf2^i^^ to 



the/ 

p b;a;§ih method is used) . Use 

"''^""""^ ^' make, the connec- 



Se.l^ci? a'^^jier^l af^ea iliat is' f,^^^ fot/^he purpose of the measurement, 

• "•Exarn'M^ ■*ah(|[des4ribe/the s<j4l. prof ^ft^^ coiid water con- 

j.: tenls^fand adsbrliVd so^ with patti'cul^r r^ferernW to the first foot . , Secure sam- 
: ■ ples-^r measiaring^'t sodium may be a problem) and 

. :the|j wat^Lr^^^i^ and tltie stage of growth, and describe 

; \ ,ail)^sui^^ fSji^ter o^i mt)l ch v an^^ .of, the soil siirface freshly culti- ^ 

vaLtecr,'*cloddy,\c^^ Mak^notfef of any other condition observed . ' 

. .which inifiht'Ti^^^^ on rate of watet intake ^ / . 

. ^ for ^Ifn current measir^ments on three* or ;more sit^s, select the" exact . 

; sites for ;l^e jB^as^^^ withii^ ai^lTnitea kre^, normal ly 1/2 acre .'or less . , Unless/ 

. ■ • th^ miake m^^jorements of\speciai conditions, avoid afeas which may 

' ,;bb affected b^ujiusua]> surtace d is tvirb^nce, animal burrows, stones which might dam- 
. age. the cylind^^ 

; .Set .a cyliiiderivi^^lace and press' it- firmly into the soil . For cylinders less 
tHah 24 inches in diameter, ^4ce ^' the. driving plate on the cylinde?, stand on the 
■ plate, and drive the dylind» the soil by taping the plate with the driving 

hamijier., .Drive the* cyii^ using a carpenter's leyel as heeded. Do 

not drive; the cylindexv in irregularly ^p that-first one side and then the 

other: goes down- This procedure produces a poor.^o^d between the cylinder walland 
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the soil, .and it disturbs the. soil core within the xylinder. If; the cylinder shour^i 
enter the soil at an angle, remove it and reset it'^in another location. Drive the' . 
cylinder into the soil to a depth ipf approximately 4 inches, ■ 

. ArOund the; measuring cylinder, pL^ace a buffer cylinder having a diameter at 
•least 8 inches greater. Drive this cylinder *inta the soil to a depth of 2 to 4 
iiichfes by tamping it around the circumffeSence with the driving hammer. Strictly 
vertical movement of this cylinder into the, soil is hot particularly important. As 
in /Alternative to the buffer cylinder, construct a buffer pond , by thrpwingjup a low 
::(3 t<> 6 inches) dike around the cylinder, avoiding disturbance of the soil inside . 
the dike, and keeping the inside toe of the dike at least 6 inches from the cyli^de,r, 

/ -Place burlap or other puddling protection device on the soil within the central . 
cylinder. Then fill the buffer pond oi> the outside with water to a depth of about/ ; 
2 inches, and maintain approximately the same depth throughout the peiriod of obset- • . 
vatlon. (The depth of water in the buffer pond is not critical as long as a supply 
of water is always available for infiltration intp the soil .) Immediately after 
adding water to the buffer pond, fill the centjaf cylinder with water to the desired 
depth (usually 1 tcr' 3 inches), remove the puddling protection device, and make a 
measurement of the water surface elevation by a hook gauge (or manometer if desired) . 
Use the cylinder edge for the reference level,, and mark the cylinder so that all sub^ 
sequent measurements can be made at. the same^oint on the cylinder, Alternatively, • 
if the basin or furrow method is used, empf^ a stake to provide a reference levels 
Record the hook gauge reading and the time at which the observation was made. Carry 
out these operations quickly, so that errors from intake during the operations will 
be '^all;. '' ' ' • [ ' ' ' ' ^ ' 

Make additionial hook gauge measurements at intervals, and 'record the water level 
and the time. For most soils, observations at/the end of 1, 3, 5, 10, 20, 30, 45, 
60, 90, and 120 m^inutes^ and hourly thereafter, will provide adequate information. 
Make obseiwations more frequently as needed on soils having a high rate of intake. 
As a general rule, . the intake between measurements should not exceed 1 inch. Con-' 
tinue measurements until the rate of intake is almost constant. ^ 

, • ^ ■ ■ - 

When the water levfel has dropped 1 or 2 inches f in the cylinder, add sufficient 
water to return the water surface approximately to its init^ial elevation. Record 
the level and time just before filling and.the level'-after filling. Keep the in- 
terval between these two readings as short as possible to avoid errors caused by 
intake during the refilling period (In analyzing the results, the assumption is 
made that the refilling is instantaneous.) 

, ■ ' . ' ^. ■ • . ■"• 

If a constant water level in the cylinder or basin is maintained by a float ; 
valve, measure the rate* of depletion of -water in the supply tank by a hook gauge, 
manometer, or automatic water-stage recorder. . >. 



Robert Taft Sanitary Engineering Center Percolation Test 



Ref.,: j;§^:S. Dept. of Health, Education and Welfare. 19.67. Manug^J of Septic-Tank 
' IP'fi^tice^ . ~ ' ' 

Proegd ure ; j^^.^ 



•Pfa^tice^ . Public Health Service Publication No. 526, pp. 4-8, 

l^jjj^Niiwber .and^ocation of tests: Six or more tests shall be made in separate test 
•'.^^^^ proposed absorption field site.' 

2. Type of test hole: Dig or bore a holey with horizontal dimensions of . 4 'to 12 
inches and vertical sides to the desi;fe|^]!i^q|p^^ To save time, labor, and vol- 
ume of water required per test, the hol^j^r^^^^ boiled with a 4-inch aiiger. 

3. Preparation of test hole: Carefully scratch, the bottom and sideS of the hole ' 
with a knife blade o^r sharp-pointed instrument, to remov^e any gJneafed soil sur- 
faces anJi^ to provide a na-turai ^bil intferf^^ may percolate'. 
Remove ai^l loose matefial from the hole. Add 2 inche? of coarse sand or fine 
gravel to -protect the bottom from scouring and sediment* / y 

4. Saturation and swelling of the soil: It is important to* dis-ttinguish between 
saturation and swelling. Saturation means that /the void spactts between soil 
particles are full of water. This can be accomplished in a rshort period of 
time. Swelling is caCised by intrusion of wat6r into the individual soil par- 
ticles. This is a slow process, especially in cla^y-type soil, ind is the rea- 
son for requiring a prolonged' ^oaking period ^^^^ ^ V X ! 

In the conduct of the test, carefully fill the hole with clear water, tof a mini- 
mum deptb of 12 inches over the .gravel . In most soils, it is necessar^-.'t^^ 
fill the hole by supplying a surplus reservoir of water, possibly by.meajiis of 
; an automatic syphon, to keep water in the hole for at least 4 hours and' pre f- 
»erably overnight. Determine the percolation rate 24 hours after water is- first 
added to the hole. This procedure is to insure. that the, soil is given ample 
oppqrtunity to swell and to approach the condition it will be in during the 
\ wettest season of the year. Thus, the test will give comparable i^lsults in 
the same soil, whether ma.de in a dry or a wet season. In sandy §oils contain - 
. ing little or na clay, the swelling procedure is not essential ,;^^itd the test 
May.6e made as desctibed under 5C,, after the water from one filling of the. hole 
completely sieeped away/ • . 

S\ PercolaJStpn rate measurement:^ With the exception of sandy soils, percolation 

rai^; measurements, should be made on the day following the procedure described , :; . 
jjMyr 4,. above\ ' ' v ■ . .* • 

A^l€ water r<|tnains in the -^^st hole after^ swelling per ifed, adjust 

th'e depth to approximately 6 inches over the gravel. From a fijced. reference 
point, measure the drop in water level over a 30 -minute peri o|^f;^)rhis drop is 
used to calculate the percolation rate. , i 

B. If no water remains in the hole after the overnight swelling period, add 
'Clear water to bring the depthvof water in the hole to approximately 6 .inches 
over the gravel. Fi*om a fixe^: reference poi^nt, measure the drop in water lisvel 
. at approximately 30-minut:e intervals for 4 hours, refilling 6 inches, over the . 
gravel as necessary.. The drop which occurs during the final 36-minute per^^d 
is used, to calculate the percolation rate, The. drops. during prior periods^kp- 



' vide information for possible mtidification' ot't^ cirr 
• •■'cuiitstances.' ■ ''''^itlv. V. 

. ■ ■■■ ■■■ ■ ™ ■ " . •• " 

* ' C. In sandy soils (or other soils in which lfc% first 6 inches of water seeps 
away in less than 30. rninute^^ after the oy^imight^^ s^^^ the time 

interval between measurements should be taken as 10' minutes and the test run 
for r hour. The drop, which occurs during thi^ final 10 minutes is used to cal- 
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" ^ Appendix' B ' •,' .- 

. : Sample Gal culatipns , to Det^ Rates - : 

v'. ' / on Agricultural Land (Section 3 

STud^^^ NH^-I^Vo^ NO3-N, 5i i^^ 0.2% K ^ ' ; . 

• : Zn, lO.OdO ppm.; Cu, 1 ,000 ppm; Ni , 50 ppm; Pb, 5,000 ppmr Cd, 10 ppm \ 

■ '■ ' •. ' ' ■ , . ■ ■ ■ ' ■ ' '. " • • ' , 

^;5oil : , Silt loam, CEC = 20 meq/100 gv'fertilizer recommendations from soiT tests 
are 25 lb. of T per acre and TOO. lb. of K per acre, ' • 

y Previous application 10 tons/acre for 2 previpus years 

From Table '3.4: 180 bu. corn 240 lb. N,^:^^4 K ; / 

A. Calculate annual rate based on N and Cd J - ~ 

; 1. Available N in sludge. 



Z% NH4-N + 0% N03^N .= 2% N. 



\ V • ^] ' : 1 I: ; 5% total; H =; 2% n;. > 3% m 



Incorporated sludge application '■ ■ ~ — - 

' ■ ■ '. " . • . . .'^•Vi' 'rt. * .'\ '■ . ■ .'" ' ■ 

Lb. available N/ton sludge = 20 x 2% + 4 x 3% 

; = AO f 12 . 

■ -■■ ' • ;52:-; ■ - . - : ^ - 

52 lb. avail abli^ N/ton sludge " 

2. Residual N . ■ \ :^ ' , ' 

From Table 3.5 for 3% organic N 

a) ' 5^ added 1 year earlier 

10 tons/acre-x 1.4 lb. N/tdn = 14 lb; N • 

b) Sludge added 2 years earlier * 

10 tons/acre X 1.4 lb. N/ton - 14 lb. N ■' ^ 

^ ■■■■■■ #\ • ■ /.• 

c) Residual N = 28 lb. 

\;!.'3. .^udge application Rater " . 

' - "a) 240 lb. needed - 28 lb. residual = 212 lb. from sludge 
: -^V fr 52']L^Wton S ludge = 8.7 tons/acre,. 



c) Calculate application rate for 2 lb. Cd^^cre 

• 2 lb. Cd/acre Vrth<:/^r 
. 10 ppm Cd X .002 " t°"s/a( 
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O ; ■ : : ■ ' .Wmr^^ tons/acre. = 100 t^s/acre 
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r . : v^/'-/v ■ 

< - A, / The lower amount iVs applied = 8.^^ 

Bjj; ; Calculate total sludge amount which may be appl led. 

• Based on Table '3.3, niaximum amounts are calculat^^^ 

■■ "Cone." 

' Maximum in * Tons of V.; : 

Metal Amount. Sludge . ' Sludge/Acre Calculation . 

% . ■ Ib./acre ppm ' ^ 

: 1). Pb . \ 2000 ; X 5000 . - . . m . = c;nnn°° ^^pu'^^^^nno 

• v .v : • 5000 ppm Pb X .002: • 

" 2). Zn ^ lOQD 10.000 ; ' in°nL^^' ^^^^^ 

V . ' — 10,000 ppm Zn x. ,,002 

;3):;^Cu ' 500 ^ 250' ^ = ;500 lb. Cu/acre ^ 

^ ' - 1000 ppm Cu X . 002 



4'):^Ni % 500 ':50" ^ ^ 

..• • . - . • : * . r : • 50. ppm Ni X .102 

The lowest amount is from equation 2. Thus, sludge appl ication is V 
limited by Zn^ at 50 tons/acre. , ■ ' 

e. Calculate fertilizer needed ' . : /' ^ - - 

• M . 'P fertilizer ' ' * : - ' . ' ' . ' : 

^'8.7 tons/acre X 2% P x^O = ^58 lb. P/acre . ; . / : ^* 

Fertilizer recommendation is;;25. Tb. P/acre 
: ' No fertilizer P needed : .'^ 

2. k fertilizer* ■ ' > 



8.7 tons/acre X 0.2% K x 20^4 34.8nb. K/acre. 



Fertilizeir recommeihda^^ion 'is<;5lOO Ib.^ K/acre ■ * \'r 



Ferti>l izer . K needed = 65 I b^^^ 



r. 



. ' ' Some Useful Factors and Conyers ions ; . 

L ,1 acre-inch of. liqLi:kid ^^2^ 

. 2 . 1 cmThectare of liquidi* vlOO,000 li^^^ . ^ 

3. 1 metric ton = 1,000 kg,: = 2,205 lb. . : 

,4. Cubic feet per Jecoridvx 5.39 x mg./ Jitter -^^^^ ^ 

5 / Million gallons per; day x 8. J4 x mg./liter = Ib./day . v 

6 - * 1 ^cre ^7 4^84(> yards^ = 43,$60 feet^ =; 4,047 meters^ ?= 0.4047 liiectare 

7. Acre-inches -x 0.226 x mg. /liter = lb. /acre * v v , 

8. ha-cm X 0.1 x mg. /liter = kg./hectare ^ - 

9. English -metric conversions * • 

. a. acre-inch X 102.8 = raeter*^ .V 

' ■■■b:;quart^x. 0.046- =-'iit^r 'v. ] '^V'--' ■^■'■^ •;. ^ X"^- 1 :y'''^',1' :^'-'v 

c. English t6h x 0.907 .= metric ton " . 

" ' d., English tohS/acre X 2.242 = metric tons/hectafe 
e. lb. /acre X 1.121 = kg./hectare I; 

.f. 1 ft.^ = 7.48 galWns^=-28.3 liters = 62.4 lb. water 



g. ,1 lb. 7 0.454 kg. 



I 
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■ -.^ PUB^CATtpNS PERtlfJENT/Ta ^ -V'v • * . C'V : * 
Appi i cati on 6f; Sewage kludge and Wastewater ta AgriGul tur^T^iarfd - • ^ o > 

A. Proceedings of Conferences and Symihs)i^ ^ " '^'-^^^^ 

1, Recycling Treated.Myrii'ci^^ Landi, 
Edited by -W, E: :S6ppef dtid L,- i'. Kardqs. v Syni^ vl97^ • = 
The Pennsylvania State University Pxess,-. DniVers^ify, Parl^i Pav^^^^ ^ ' 

2, Recycling Municipal /Sludges; arid Influents pn^^ ponferoiice. hel4 iFui^^ '■ 
k , • * 9-13,^ 1973,> Champaign, ^'111,^ Naf ipnal Assbciation . of State i^rifl^ers it ies^ ^^^ • : 

Land-Grant Col lege*, Washington., D;6i. V > ' ..'^V ' ' • - . v V ' ^ • 



vJ . Ultimat^j Di^ppsal- of Wa$tewaters iand TTieir Resl^ 'Aprir. 
^ : ^ 26727, 1973, Durham, N.C: Nor^ Caroline^. Water Resw^ 

:*j'v/ Land for Wapte Manalgementv Confeajeitj^W]^ Ottawa^ Ontario, " 

'■' ij ' ?:>;.]r^ Institute of CanipLd^>',-Ottawa, Qntv . ' r I- '' : ? : 

5; ' 'Land Disposal of Municipal Effluferits apd-;^ludg!^^^^^^ fe'ld >larcfe \^ 

" ' , : \ 19"73, at Rutgers Univ..,' .^jew Srunswick,,. N. j/. ^PAr902!/'S^-i73V■00I. ■ , ■ • - J / ' 

: Wastewater. Use in the Production of Food knd Fiber- -Prc^^edings^/^^^ C^^^ Iteld 

• ; ; ; V March S- 7, 1974, at . Oklahoma Xity, Okla. VP\-Mo/2--mW^ . 



;.7« Municipal Sludge Mana^^^ Conference hel^ iJurie . Il4py]^974^; in Pittsburgh, .-^ 

? ' v. ;. i Pa, : Information Trknsferi Iric.y Washingtoft, D?C,^ ^^^^^^ " (i^^^^^^ ' '■■ : " 

i ^ ^^^^^^^^^ aiVd: Di$!i)osai;v.^^^^^^^^ .^^IM ^^S^^t \f8-20, 'l975v 

. ; V : • ' : ' ' 

'.y '- '^ Virus Survival ^in 'Waier and" Wastewater Systei^^^ F^.VM?'Iipa, Jrv • ; '-^ ■ 

.and B, : P, Sagik;/ Symposium held in April 1974" at^ the Unive^ 
Austin, Centef -f^ Water Resources. University^Orf 



:- EPA: Reports ~ Seti/age .tVast^ufaters and sludge ' / ^ " ' ) ^ ^ 

. 1 • Survey pf Facilities Using Land! Application of Wastewater, by^1jt>, H, Si^aivan, 
: M, M, Cohn,''S, S.. Baxter; '£PA^4^Q/9- 73^006, Jul^ . ' 

2. ' Wastewater Treatment and R6u$e blpli^nd Application 4^;. Valikie^X^ by; 

: C, E. Ppuiui andij^v W, Crites/ EI^A^e^^ tsii^. ' . > 

■ *•■ '■ ■ , - ■ ■,■ ■*■■': ■ . / '..a - '/-rX 

3/ Wastewater Treatment, .and. Revise by^^ 11^ by C.v E. Potind ' 

. and R, W; Crites; : ,EPA/66d-2-J3^006b, Au^^ 1973V . . ' V; ' : . ' . 

4., Renovation of Sedbridary Ef f iuen A f or Reuse ' as a wkter ^lespurce > by * L; t ; lC^r:d6s , 
W, E. Sopper,.E, A, Myers, R/ RV Parizeky and 

',; -Feb; ■1974. : •••• ' / ■: • J- i /-^- .-.r ■' . <i 
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S. Feasibility, of Overland -Flow *'fl:^i:.Treatmfent Raw Domestic Wastet^ater , by ^ E, 
Thomas, K. Jaclcs6n; and L. Penrod;' . EPA-.660/2-74n087, DeiC, 1974., _ ' \ 

Evaluation of Land Application Systems, -hi: -^p. E.^ Pourid,-R. W. Crites, D. A. ; 
Griffei.. EPAH30/9-75-b01, MarchVl975. J ' • ' : 

7. A Guide to' the Selection >f Cost-Effective Wastewater Treatment Systems, by 

. R. H. Vati.Note, P. -V.' Hebert) R. M. ' PateU ' C Chupek, and L. Feldiftan. EPA-430/ 
>/• 9-75-002^ July 1975. ' ' • ; , ^ ' • 

• • . * , ^ ^ .[ ' ' 

' S. ' Costs of Wastewater Treatment by Land Application,- by C. f. Pound, R. W.. Crites,. 
. ' and-D. A. Griff es./ EPA-430/9-75-0Q3, June 1975. " .. \ ' v - 

., . >,«'■•,>■*. i ■ ^" ■ ■ . ■ . 

9. L^i>d'Applicjati6n o£ Sewage ' Effluents and Sludges': Selected Abstracts, by Water 
" . * Quality Conti:;ol Branch, Roberf S, Kerr Environmental Research Laboratory, Ada, ^ 
Okla. .£PA-e6to/2-74-'042, June.ig74.', 

"'^^^^ ^ ■ • i • ' ' • . ■ ■ ■"■ 

iol Fate and fef f ecti* of Trace. Elements^'in Sewage Sludge When Applied to Agricultural 

Land^ b/'A. L#^'g'e. 'ePA-670/2-74-005, Jano 1974. 

' . .... ^ ■ . . ■■ » . ' ^ ^ . . 

IJ. -Process Etesigri Manual for. Sludge Treatment and Disposal, ; Of f ice pf Technology * 

• Transfer, USEPA. EPA- 625/1-''%- 006, Oct. 1974. - - > * \ 

1*2. Review of Lahdspreading of LiqlKd Municipal ' Sewage Sludge, by T. E. Catrall, 
---"D., L. MaasQ,^ J. M. Genca, and C?J^ EyA-670/2-75-049, June 1975. 

13. Trench' Incorporation of Sewage Sll^lfe in Marginal Agricultural Land, by- J. M. . 
Walker, W. D. Surge,, R. L. Chancy, E. Epstein, and J, *D. Menzies. EPA-.600/2- 
75-034, Sept. 1975. x 1 . ' ^ . ^ • 

EPH Reports ^ — Food Processing. Wastes : j . • ' , * 

i; Proceedings Fifth National' Symposium on Food Processing^Wast^s, held April 17-19, 
::.1974 Monterey, Calif. EPA-660/2r 74-058, Jutie 1974.* ' 'f 

2. . Wastewater Characterization for t;he Specialty Food Industry,* by .C. J. Schmidt, . 

• J. Farquhary and E/ V. 'elements, II I . EPA|-660/2-74-075, Dec; 1974. ^ » . 

3. "Proceedings Third National Symposium 'on Food Processing Wastes, held March 28-30, 
" M972, in New Orleans, aa.^^^A-R2- 72-018, Nov. 1972.* " ' ^ . 

4. Waste Control and Abatement in the Processing of Sweef Pot^toe?, by C. Small- 

• wood, *Jr. , r] S. .Whitaker, .and.N. V. Colston. EPA-660/^2-73-021 , Deci 1974.v ^ 

5. Egg.Breaking and Processing Waste Control and Treatment, ^Ijy W. J. Jewell, H. R. . • 
Davis, D. .P.. Johndrew,. Jr. , R. C. Loehr, W.^ Sid§rewicz,.s.and R* R. .Zall. EPA- . 
660/2^75-019, June 1975. . - v , /* 

' ■ \ ■ • ' ■ ' --' ■ '. 

6. V^erated Lagoon Treatment of Food Processing Wastes, by K. A. ^Dostal. Water" 
^ PoljLutioh c4n^ol Research Series 12O60--63/68, Maajch- 1968. • ' . r. ^ 

7. Upgrading Lagoons. EPA TechnolQgy Transfer ^eminar Publication, August 1973.. 



. V *Some papers in the' Proceedings of First, Second/ Fourth, and fdllowirig National 

; . .Symposia, may be pertinent to land application. ' . - ^ / * '.v: 

.'■ ' ■ .■■ '■; - ■. • - a' ' 14. 10- ' ' ' ^ ^-^^ • 
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. •. ■ ■ . • • ^. . ^ r ' , i ■ .... • ' •/ 

, ■ ■ / : ■ .. r . , . ■ ■ . , ■ . ..^ • , ^ . • • ..■ •■ ■>■• . 

8. ^ Wast e^^reatment. Upgrading Meat Packing Fae±li^^^ Reduce Pollution. - EPfi. 
^ . TecKniblogy Transfer SejTiinar Publication, Octv .1973. . . ^ ^ • • ' 

./ . . • ■. ' ■ •' .. ■ , ■ . : , ■ ■ ^ , ■• • • , \ , 

9. Waste Treatment, Upgrading Poultry- Processing Facilities '^to Reduce P.ollut ' 
^ EPA technology Transfer Seminar Publication- July 1973. 

'10. M^at-packing Wastewater Treatment b)^ Spray Runoff^ Irrigation; by J. L; Witherow 
and M. L. Rowe^ PNE^L Working Paper m. IS.; May 1975, P^pific Northwest Envi- 
ronmental^ Research Laboratory, EPA,, CoTval lis. Ore. * 
• • * ■ . ' ■ ■ \ . . • ■ . • . • 

II.' Effluent Variability, in. the Meat-Placking and- Potri try Processing" In^^^ 

J. F. Scaief. / PNERL Working' Paper No. 16, June 1975, PacificNoirthwest Envi- • 
. ronraental Research Laboratory; ' EPA, Corvallis, Ore.. . ' ;■ " 

L2.. vEff^iveness'Of Spray Ir^rig^tion as a Method for the Disposal-^ of Dairy Plant^ ' 
Wastes; by G. W. .LawtOA, L.^ E. . Enielbert,^^. A% Rohligh; and^ 1^^^^^^^ 
Exp. Sf a '.Res. Report ^No. 6, Uiiiv. of Wis;$orisiri, Madison ,^ Wis . ^ - 

\ ' 'V'- • • ^- .V. •■ ■ 

.13. The Development; Evaluation and Content oif'^ a Pil^ Program; in Dairy Utiiiz^tidn, 
- . Dairy' Waste Disposal and Whey Processing, 'by- IV.^^S., Ai^buckl^ and L. 'F-. ■^Blarito^ 
• Coop. Ext. Serv. 'and Dept. of. Dairy Sci// Univ. , of Maryland, College Pafk, .Md> . 

14.. An Evaluation of . Cannery Waste n)isplosal by Overland Flow Spray Irrigatioiji.'^ 

C. W, Thornthwaite Associates ;,-' Publ3,catieftis iii^^dlimatoldgy Vol; 22-,, No. ^, Sept .' 
1969, " Laboratory bf Climatology/; El^ier,^N. J.^ - ' v ,/ - 

U. S.^Ajrmg Corps of Engineers Reports . " ^ 

■ ■■■ . . ■;. " ■ -r; .^^ ' , .; 

1. Asses^ent bf the Effectiveness anci Effects of 'Land Disposal. Methodologies' of 
'Wastewater Management, by e. H. Driver, B. F, Hrutfioird,; D. E' . Spyri^^^^ 

<-y Welch; and D; d; Wooldridge. Wastewater Management Report 72-1, Jan.. 1972. ! 

2. Was tewatet^ Management by Disposal on the. Land, S. C. Reed/ 'Coordinator; . Co 
Regions .Research and Engineering Laboratory, ^pec. Report 171,* May 1972; Hairover,' 

■ : :H.^ ^ .: :•. ■:/^ . -'- ^ ^ ■ ■ ^ - 

.3, Reactions of Hfeavy l^tals with Soils,. with Special^ Regard to . Their Appli(^ 
Sewage Wkstes, by G^ W. Leeper, Nov. 19i72. ' 
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